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PREFACE 


This  book  is  the  result  of  several  years  of  teaching,  during 
which  an  attempt  was  made  to  correlate  the  newer  findings  and 
concepts  in  dental  histology  with  the  old  and  established  methods 
of  instruction.  During  this  time  the  Report  of  the  Curriculum 
Survey  Committee  of  the  American  Association  of  Dental  Schools 
appeared,  and  I  found  it  advantageous  to  follow  closely  the 
subject  matter  in  it.  By  doing  so,  I  knew  that  I  would  have 
the  help  of  men  with  extensive  teaching  experience  and  also 
avoid  the  usual  pitfall  of  both  teachers  and  authors,  namely, 
overemphasis  of  some  subjects  at  the  expense  of  others. 

As  much  as  possible  controversial  problems  have  been  omitted, 
on  the  assumption  that  very  few  freshman  students  have  either 
the  background  or  the  interest  necessary  to  appreciate  a  highly 
technical  argument.  For  the  same  reason  the  discussion  of  sev¬ 
eral  unimportant  structures  and  details  has  been  omitted.  It  has 
been  my  experience,  both  as  a  student  and  in  teaching  students, 
that  most  of  the  subject  matter  in  histology  is  soon  forgotten, 
not  so  much  because  of  lack  of  interest  as  that  the  course  is 
overloaded  with  names  and  terms,  most  of  which  have  little  mean¬ 
ing  to  the  untrained  mind.  Therefore,  it  has  been  my  intention 
to  state  the  fundamentals  as  briefly  and  as  clearly  as  possible  in 
the  hope  that  they  may  thus  be  more  easily  remembered.  This 
accounts  for  the  comparatively  small  size  of  the  book. 

There  are  several  departures  from  the  usual  arrangement  of 
text-books.  One  is  the  arrangement  of  laboratory  exercises  at  the 
end  of  each  chapter.  As  in  the  Survey  Report,  this  was  done  in 
order  to  facilitate  teaching  in  the  laboratory  period,  which 
should  be  held  as  soon  as  possible  after  the  lecture  on  the  cor¬ 
responding  subject.  Another  departure  is  the  omission  of  refer¬ 
ences  from  the  text  and  the  insertion  of  a  small  number  of  them, 
arranged  according  to  subjects,  at  the  end  of  the  book.  In  the 
choice  of  this  bibliography  two  requirements  were  kept  in  mind : 
accessibility  and  usefulness  for  further  study.  For  the  most  part, 
only  those  periodicals  were  listed  that  are  available  in  dental 
school  libraries.  Also,  so  far  as  possible,  the  selection  was  made 
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to  include  literature  that  in  itself  contains  a  wide  range  of  bibli¬ 
ography  which  can  be  used  by  students  and  teachers  for  collateral 
reading. 

In  the  chapter  on  radiographic  interpretation  I  followed  the 
procedure  used  in  modern  text-books  of  anatomy  that  contain 
radiographic  illustrations  of  normal  human  structures  correlated 
with  their  anatomical  descriptions.  The  purpose  of  this  is  to 
familiarize  the  student  with  the  normal  radiographic  appearance 
of  the  human  body,  so  that  later  it  will  be  easier  for  him  to 
recognize  abnormalities  or  pathological  changes. 

The  part  on  comparative  dental  anatomy  is  rather  brief ;  it  is 
an  attempt  to  give  a  survey  of  the  subject  rather  than  a  com¬ 
prehensive  course.  Comparative  dental  anatomy  is  not  generally 
taught  in  dental  schools  and  is  usually  considered  superfluous  as 
well  as  quite  boring;  this  would  doubtless  be  true  if  the  study 
of  it  consisted  merely  of  memorizing  the  names  of  animals  and 
their  dental  formulas.  Yet  I  believe  that  the  dentist  should  have 
’  a  general  knowledge  of  the  masticatory  mechanism  of  the  impor¬ 
tant  groups  of  animals.  The  way  in  which  each  animal  is  equipped 
with  the  type  of  teeth  and  jaws  best  suited  for  its  living  condi¬ 
tions  and  kind  of  food  is  very  interesting,  and,  viewed  from  this 
angle,  comparative  dental  anatomy  becomes  a  fascinating  subject. 

At  the  end  of  the  book  is  a  short  glossary  of  terms  and  proper 
names.  This  may  be  helpful  in  several  ways.  Many  students 
have  considerable  difflculty  in  remembering  new  terms,  mainly 
because  the  terms  as  such  are  meaningless  to  them.  By  explaining 
their  origin  it  is  hoped  that  the  student  will  remember  them 
more  easily.  Furthermore,  every  educated  dentist  should  know 
the  correct  singular  and  plural  form  of  apex,  foramen,  fibrilla  and 
similar  much-used  scientific  terms.  As  to  the  proper  names,  a 
few  data  about  each  man,  giving  his  nationality,  profession,  and 
the  century  during  which  he  lived,  have  been  added;  this  may 
assist  in  remembering  the  names  as  well  as  their  correct  spelling. 

I  am  greatly  indebted  to  my  assistant,  Miss  Maurine  Willman, 
who  prepared  all  the  specimens  illustrated  in  this  book  and 
assisted  in  the  formation  of  the  manuscript;  to  Mr.  Algerd  W. 
Prusis,  who  made  the  drawings;  to  Mr.  Piatt  M.  Orlopp,  who 
took  care  of  the  photographic  work;  and  to  Lea  &  Febiger,  who 
handled  all  technical  details  in  their  usual  superior  manner. 

R.  K. 


Chicago,  III. 
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DENTAL  HISTOLOGY 


CHAPTER  I 

GENERAL  DISTRIBUTION  OE  THE  DENTAL  TISSUES 

Human  teeth  are  built  up  of  three  hard  tissues,  the  enamel, 
dentin,  and  cementum.  Within  the  dentin  is  the  pulp  cavity, 
which  contains  the  pulp  tissue. 

Each  tooth  consists  of  a  crown  and  a  root.  The  crown  is  that 
portion  of  the  tooth  which  is  covered  by  enamel,  and  the  root 
that  which  is  covered  by  cementum.  The  term  cervix  or  neck 
is  applied  rather  loosely  to  the  area  of  slight  constriction  at  the 
border  between  crown  and  root,  or  to  the  part  of  the  root  near 
the  cemento-enamel  junction. 

It  is  important  to  be  thoroughly  familiar  with  the  correct 
terminology  of  the  planes  and  lines  which  bound  the  different 
dental  structures.  The  plane  along  which  the  dentin  and  enamel 
meet  is  the  dentino-enamel  or  amelo-dentinal  junction.  The  divid¬ 
ing  line  between  enamel  and  cementum  is  the  cemento-enamel  or 
amelo-cemental  junction.  Einally,  the  plane  of  union  of  the  den¬ 
tin  and  cementum  is  the  dentino-cemental  or  cemento-dentinal 
junction  (Plate  I). 

At  this  point  attention  should  be  called  to  a  common  error 
in  dental  parlance,  namely  the  inaccurate  use  of  the  two  adjec¬ 
tives,  dental  and  dentinal.  Dental  (Latin  root,  dent-)  refers  to  the 
tooth,  whereas  dentinal  (Latin  root,  dentin-)  refers  to  the  dentin. 
Hence  we  speak  correctly  when  we  say  dental  histology,  meaning 
histology  of  the  teeth,  or  when  we  say  dentino-enamel  junction 
or  dentinal  tubules,  because  here  we  refer  to  the  dentin.  At 
present,  the  word  dentin  is  spelled  without  the  hnal  c;  however, 
the  older  spelling,  dentine,  is  still  in  general  use  in  British  ana¬ 
tomical  and  dental  literature. 

The  shape  of  the  crown  varies  greatly  in  different  types  of 
teeth.  All  incisors  have  an  incisal  edge,  and  the  upper  lateral 
incisor  sometimes  has  a  small  cusp  on  the  lingual  side,  the  cin- 
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gulum,  which  is  separated  from  the  incisal  edge  by  a  pit.  In 
cuspids  the  enamel  ends  m  one  cusp.  In  bicuspids  there  are 
usually  two  cusps  divided  by  a  fissure.  Molars  have  from  three 
to  five  cusps  which  are  divided  by  grooves  and  fissures.  The 
latter  are  narrow  clefts  between  the  cusps  at  the  bottom  of 
which  the  enamel  is  much  thinner  than  on  the  rest  of  the  occlusal 
surface. 

In  the  root,  distinction  is  made  between  the  cervical  portion, 
which  is  usually  cylindrical  or  flattened  in  its  mesiodistal  diam¬ 
eter,  and  the  apical  portion,  which  is  tapering.  At  the  apex  is 
the  opening  through  which  the  nerves  and  blood-vessels  of  the 
pulp  pass,  the  apical  foramen;  this  opening  may  be  single  or 
multiple. 

The  pulp  cavity  is  divided  into  the  pulp  chamber  and  the 
root  canal.  The  pulp  chamber  is  located  within  the  crown,  and 
its  shape  roughly  resembles  the  outline  of  the  dentin  surface. 
The  pulp  chamber  of  bicuspids  and  molars  has  occlusal  exten¬ 
sions,  the  pulp  horns,  which  correspond  to  the  individual  cusps 
of  the  tooth  (Plate  III).  Toward  the  root,  the  pulp  chamber 
grows  narrower  and  without  sharp  transition  becomes  the  root 
canal.  The  number  and  arrangement  of  root  canals  varies  in 
different  tooth  groups. 

The  size  of  the  pulp  chamber  and  root  canal  alters  as  the 
individual  grows  older.  During  youth  the  pulp  chamber  is  large, 
and  the  lumen  of  the  root  canal  is  wide.  With  advancing  age  the 
pulp  horns  are  truncated,  and  the  pulp  chamber  and  root  canals 
become  much  smaller. 

Embryological  Derivation  of  the  Dental  Tissues. — Of  the  three 
germinal  layers  two,  the  ectoderm  and  the  mesoderm,  contribute 
toward  the  formation  of  the  tooth.  The  enamel  is  of  ectodermal 
origin,  and  in  this  respect  is  closely  related  to  the  hair,  nails, 
and  other  ectodermal  derivatives.  The  dentin,  cementum,  and 
pulp  are  formed  by  the  mesoderm;  dentin  and  cementum  re¬ 
semble  bone,  and  the  pulp  is  modified  connective  tissue. 

LABORATORY  EXERCISES 

For  a  study  of  the  general  distribution  of  the  dental  tissues 
longitudinal  ground  sections  through  extracted  human  teeth 
should  be  used.  Such  sections  can  easily  be  prepared  by  the 


PLATE  I 


Longitudinal  Ground  Section  Through  an  Upper  Central  Incisor 

of  a  Young  Adult. 

E,  enamel;  D,  dentin;  PC,  primary  cementum;  SC,  secondary  cementum;  DEJ, 
dentino-enamel  junction;  S,  scalloped  dentino-enamel  junction;  DCJ,  dentino-cemental 
junction;  CEJ,  cemento-enamel  junction;  P,  pulp  chamber;  RC,  root  canal;  AF,  apical 
foramen;  GE,  gnarled  enamel;  SR,  stripes  of  Retzius;  IG,  interglobular  spaces;  TL, 
Tomes’  granular  layer.  Magnification  X  7. 
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students  themselves,  either  by  grinding  by  hand  or  by  using 
Black’s  grinding  machine.  At  least  two  such  sections  should  be 
studied,  one  through  an  incisor  or  cuspid  and  one  through  a 
bicuspid  or  molar.  It  has  been  our  experience  that  the  majority 
of  intact  human  teeth  available  for  ground  sections  are  older 
teeth,  showing  a  certain  amount  of  occlusal  wear  (abrasion)  and 
the  associated  changes  in  the  dentin  and  pulp  chamber.  Such 
changes  should  be  noted  and  their  signihcance  understood  (Plate 

IV). 

The  best  way  to  become  thoroughly  familiar  with  the  arrange¬ 
ment,  shape,  and  relative  thickness  of  the  dental  hard  tissues  is 
to  make  a  drawing  of  them  with  a  magnification  of  about  8  to 
12  times,  noting  carefully  the  correct  proportions  between  the 
different  structures  (Plate  I).  The  same  drawing  can  later  be 
used  to  indicate  some  of  the  structural  details  of  enamel,  dentin, 
and  cementum;  at  this  time,  however,  it  will  suffice  to  indicate 
the  following  landmarks:  crown,  cervix,  and  root;  enamel,  dentin, 
and  cementum;  pulp  chamber,  pulp  canal,  and  apical  foramen; 
pulp  horns  in  bicuspids  and  molars;  dentino-enamel  junction, 
cemento-enamel  junction,  and  dentino-cemental  junction;  pits 
and  fissures  wherever  they  are  present. 
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ENAMEL 

Chemical  Composition  of  the  Enamel. — The  enamel  is  the 
hardest  tissue  of  the  body.  It  is  very  highly  calcified,  containing 
from  97  to  98  per  cent  inorganic  salts  and  only  2  to  3  per  cent 
organic  material  and  water.  Of  the  inorganic  salts  about  90  per 
cent  is  tricalcium  phosphate,  and  the  remaining  10  per  cent 
consists  of  calcium  carbonate,  magnesium  phosphate,  calcium 
fluoride,  and  small  amounts  of  salts  of  sodium  and  potassium. 

The  organic  components  are  water  and  keratin,  a  horny  sub¬ 
stance.  Fresh  human  enamel  contains  about  1  to  2  per  cent 
water.  The  amount  of  keratin  varies  from  0.30  to  0.54  per  cent 
with  an  average  of  0.42  per  cent.  Enamel  keratin  is  an  insoluble, 
acid-resistant  protein  which  closely  resembles  the  keratin  found 
in  horn,  hair,  fingernails,  and  other  ectodermal  derivatives. 

Enamel  Rods  and  Interprismatic  Substance. — The  enamel  is 
composed  of  long,  thin,  calcified,  fiber-like  elements,  the  enamel 
rods  or  enamel  prisms.  They  are  held  together  by  an  interpris¬ 
matic  or  cementing  substance.  The  term  enamel  prism  is  not 
quite  correct,  since  the  majority  of  human  enamel  rods  are  not 
prismatic;  rather  they  are  roughly  three-sided,  bounded  by  one 
convex  and  two  concave  sides.  Fig.  1  is  a  section  through  enamel 
showing  the  shape  of  the  individual  rods  as  well  as  the  way  in 
which  they  fit  together.  Occasionally,  however,  four-,  five-,  or 
six-sided  enamel  rods  have  been  observed. 

Enamel  rods  in  the  teeth  of  animals  may  resemble  those  in 
man,  or  they  may  have  their  own,  distinctive  form.  Dog’s  enamel, 
for  instance,  is  formed  by  hexagonal  enamel  prisms,  so  that  a 
cross-section  through  it  shows  a  honeycomb  design. 

The  interprismatic  substance  of  mature  enamel  is  calcified, 
thus  cementing  together  the  rods.  In  spite  of  its  calcification, 
however,  this  interprismatic  substance  is  weaker  than  the  rods, 
so  that  cleavage  or  breakage  usually  occurs  through  the  inter¬ 
prismatic  substance  and  not  through  the  rods.  On  the  enamel 
surface  the  interprismatic  substance  is  connected  with  the  enamel 
cuticle. 

(  15') 
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Individual  enamel  rods  are  about  5  micra  in  diameter.  Each 
rod  extends  from  the  enamel  surface  through  the  entire  thickness 
of  the  enamel  to  the  dentino-enamel  junction;  thus  the  length 
of  the  enamel  rods  varies  from  l.S  mm.  at  the  cusps  and  near  the 
incisal  edge  to  0.1  mm.  or  less  near  the  cemento-enamel  junction. 
Measurements  of  the  diameter  of  the  enamel  rods  in  different 
depths  have  revealed  that  each  enamel  rod  is  thicker  at  the 
enamel  surface  than  near  the  dentino-enamel  junction:  the  aver¬ 
age  thickness  near  the  dentin  is  less  than  5  micra,  near  the  sur¬ 
face,  more  than  6  micra.  This  variation  in  diameter  is  necessi- 


Fig.  1. -Human  enamel  rods.  Decalcified  section.  In  the  upper  part  of  the  photomicro¬ 
graph  the  enamel  rods  are  cut  longitudinally,  in  the  lower  part,  transversely.  The  dark 
lines  between  the  prisms  are  the  interprismatic  substance.  Magnification  X  850. 

tated  by  the  greater  area  of  the  outer  surface  of  the  enamel  as 
compared  to  the  inner  surface  at  the  dentino-enamel  junction. 
The  number  of  enamel  rods  in  a  tooth  varies  from  5,000,000  rods 
in  lower  incisors  to  12,000,000  in  molars. 

Schreger’s  Lines.  Most  of  the  enamel  rods  run  in  a  fairly 
straight  or  slightly  wavy  course  from  the  dentino-enamel  junc¬ 
tion  to  the  enamel  surface.  Alternating  bundles  of  rods  run  at 
angles  to  each  other,  crisscrossing  like  a  picket  fence.  Thus,  it  is 
obvious  that  if  sections  through  the  enamel  of  the  crown  are 
cut  m  a  plane  more  or  less  parallel  to  the  enamel  surface  the 
bundle  of  rods  will  be  cut  at  different  angles.  Some  will  be  cut 
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almost  at  right  angles  to  their  course,  and  others  almost  longi¬ 
tudinally.  The  resulting  alternation  of  longitudinal  and  cross- 
sections  of  enamel  rods  is  known  as  Schreger’s  lines  (Fig.  2). 

Gnarled  Enamel. — At  the  incisal  edge  and  at  the  tips  of  the 
cusps,  the  enamel  rods  are  usually  twisted  and  turned  around 
each  other,  giving  them  a  braided  appearance  in  longitudinal  sec¬ 
tions  through  the  crown.  This  condition  is  called  gnarled  enamel 
(see  Plates  I  and  III);  it  is  a  mechanical  reenforcement  of  the 


Fig.  2. — Schreger’s  lines.  Decalcified  section  through  human  enamel  showing  alter¬ 
nation  of  longitudinal  and  transverse  cuts  through  groups  of  enamel  rods.  Magnification 
X  200. 

enamel  where  it  is  subjected  to  the  greatest  stress  during  masti¬ 
cation.  Clinically  it  is  difficult  to  cleave  gnarled  enamel,  since  it 
lacks  dehnite  lines  of  cleavage. 

Stripes  of  Retzius. — In  many  teeth  there  are  dark,  parallel 
lines  running  through  the  enamel.  These  lines,  the  lines  or  stripes 
of  Retzius,  are  not  always  present;  there  may  be  none,  or  what 
few  there  are  may  be  confined  to  a  small  area  of  enamel.  Wher¬ 
ever  they  are  present,  however,  their  course  in  any  particular 
part  of  the  enamel  is  invariably  the  same:  Near  the  cemento- 
enamel  junction  and  in  the  cervical  portion  of  the  enamel,  the 

stripes  of  Retzius  are  short,  running  from  the  dentino-enamel 
2 
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junction  to  the  enamel  surface  at  an  angle  of  SO  to  60  degrees. 
In  the  middle  of  the  crown  the  angle  becomes  sharper,  so  that 
they  run  toward  the  incisal  edge  almost  parallel  to  the  dentin. 
Near  the  incisal  edge  and  in  the  cusps  they  encircle  the  dentino- 
enamel  junction.  The  usual  arrangement  of  the  stripes  of  Retzius 
is  shown  in  Figs.  3  and  4,  and  in  Plates  I,  II,  and  III. 


Fig.  3. — Stripes  of  Retzius.  Longitudinal  ground  section  through  an  upper  bicuspid. 

P,  pulp  chamber;  D,  dentin;  £,  enamel;  SR,  stripes  of  Retzius.  Magnification  X  15. 

The  stripes  of  Retzius  are  the  result  of  successive  stages  of 
deposition  and  calcification  of  the  enamel;  this  is  indicated  by 
the  name  incremental  lines,  which  is  often  applied  to  them.  They 
indicate  alternative  periods  of  better  and  poorer  enamel  calcifi¬ 
cation. 

Each  enamel  rod  is  formed  by  one  ameloblast;  the  formation 
begins  at  the  dentino-enamel  junction  and  progresses  toward  the 


PLATE  I  I 


Transverse  Ground  Section  Through  the  Crown  of  an  Upper  Cuspid. 

E,  enamel;  D,  dentin;  P,  pulp  chamber;  S,  scalloped  dentino-enamel  junction;  Li,  lamella  ex¬ 
tending  to  the  dentino-enamel  junction;  L2,  lamella  ending  in  the  enamel;  L3,  lamella  extending  into 
the  dentin;  T,  enamel  tufts;  ES,  enamel  spindles;  SR,  stripes  of  Retzius.  Magnification  X  14. 
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enamel  surface.  If  there  is  any  irregularity  in  this  formative  proc¬ 
ess,  a  portion  of  the  enamel  rod  will  be  slightly  different,  per¬ 
haps  of  a  different  crystalline  structure,  and  since  all  enamel 
rods  are  affected  similarly  and  simultaneously,  the  resulting 
variations  in  structure  will  lie  in  a  plane  more  or  less  perpendic¬ 
ular  to  the  course  of  the  rods.  Disturbances  and  differences  in 
the  health  and  metabolism  of  individuals  at  different  periods  of 
life  account  for  the  variations  in  the  incidence  and  intensity  of  the 
stripes  of  Retzius. 

Organic  Structures  in  the  Enamel. — The  keratinous  organic 
material  is  by  no  means  evenly  distributed  throughout  the 


Fig.  4. — Enamel  lamellae  and  tufts.  Transverse  ground  section  through  the  crown  of  an 
upper  incisor.  D,  dentin;  DEJ,  dentino-enamel  junction;  £,  enamel;  T,  enamel  tufts;  L, 
enamel  lamella;  SR,  stripes  of  Retzius.  Magnification  X  50. 


enamel.  The  rods  themselves  seem  to  consist  almost  entirely  of 
inorganic  salts.  The  interprismatic  substance  contains  traces  of 
keratin.  However,  most  of  the  organic  substance  obtained  by 
chemical  analyses  of  enamel  comes  from  the  enamel  lamelloo,  the 

tufts,  the  spindles,  and  the  enamel  cuticle. 

Enamel  Lamellae. — The  enamel  lamellae  are  thin  bands  or 
blades  of  organic  material  which  run  parallel  to  the  general  axis 
of  the  crown  and  at  right  angles  to  the  dentino-enamel  junction. 
For  this  reason  they  cannot  be  seen  in  longitudinal  sections 
through  the  crown  but  are  clearly  visible  in  cross-sections  (Fig. 
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4).  Three  kinds  of  lamellae  can  be  distinguished:  The  majority  of 
them  extends  from  the  surface  through  the  entire  thickness  of 
the  enamel  and  ends  at  the  dentino-enamel  junction.  Some 
lamellae  run  from  the  enamel  surface  into  the  enamel  but  do  not 
reach  the  dentin.  A  third  kind  runs  from  the  enamel  surface 
through  the  enamel  and,  for  a  short  distance,  extends  into  the 
dentin  (Fig.  S).  These  three  kinds  are  illustrated  in  Plate  II. 


Fig.  5. — Enamel  lamella  extending  into  the  dentin.  Ground  section.  £,  enamel;  D,  dentin; 
L,  enamel  lamella;  DL,  dentinal  part  of  the  lamella;  T,  tufts.  Magnification  X  110. 

Li  is  an  enamel  lamella  which  begins  on  the  enamel  surface  and 
terminates  at  the  dentino-enamel  junction.  The  lamella  L2  does 
not  reach  the  dentino-enamel  junction,  whereas  lamella  L3  passes 
beyond  the  dentino-enamel  junction  and  extends  a  little  way 
into  the  dentin. 

On  the  enamel  surface  the  lamellae  are  continuous  with  the 
enamel  cuticle.  When  there  is  a  definite  hornified  cuticle  present. 
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the  peripheral  part  of  the  lamellae  may  also  be  found  to  be 
hornified  (Fig.  6). 


|;i-K 


Fig.  6. — Hornified  (secondary)  cuticle  and  enamel  lamella.  Decalcified  section.  The 
peripheral  part  of  the  lamella  is  formed  by  a  duplicature  of  the  cuticle.  CU ,  cuticle;  HL, 
hornified  outer  part  of  the  lamella;  L,  inner  part  of  the  lamella  consisting  of  organic  ma¬ 
terial  without  hornification.  The  lamella  has  been  torn  loose  from  the  dentin  and  become 
folded  following  the  decalcification  of  the  enamel.  Magnification  X  650. 


Pjg.  7.— Enamel  tufts.  Ground  section.  D,  dentin;  DEJ,  scalloped  dentino-enamel 
junction;  T,  enamel  tufts;  E,  enamel.  Magnification  X  150. 


Enamel  Tufts. — The  enamel  tufts  are  bundles  or  bunches  of 
poorly  calcihed  enamel  rods  and  interprismatic  substance  which 
extend  from  the  dentino-enamel  junction  into  the  enamel  for  a 
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short  distance  (Fig.  7).  If  the  dentino-enamel  junction  is  scal¬ 
loped,  the  tufts  usually  originate  from  the  tips  of  the  scallops. 
The  tufts,  like  the  lamellae,  are  arranged  more  or  less  parallel  to 
the  axis  of  the  tooth  and  are  therefore  visible  only  in  cross- 
sections  through  the  crown. 

Enamel  Spindles. — The  enamel  spindles  are  short,  hollow, 
spindle-  or  club-shaped  extensions  of  dentinal  tubules  that  go 


Fig.  8. — Enamel  spindles.  Ground  section.  Dentino-enamel  junction  at  the  tip  of  the 
cusp  of  an  upper  bicuspid.  D,  dentin;  DEJ,  dentino-enamel  junction;  E,  enamel;  ES, 
enamel  spindle  continuous  with  the  dentinal  tubules,  DT.  Magnihcation  X  350. 


beyond  the  dentino-enamel  into  the  dentin  (Fig.  8).  They  are 
rather  inconstant  structures,  for  some  teeth  have  none.  When 
they  are  present  they  are  usually  confined  to  the  incisal  portion 
of  the  enamel  and  to  the  vicinity  of  the  cusps  (Plates  I  and  III). 

Enamel  Cuticle. — The  enamel  cuticle  is  a  fine  membrane  found 
on  the  surface  of  the  crown.  It  was  formerly  called  Nasmyth’s 
membrane.  It  is  persent  at  the  time  of  eruption,  but  after  the 
tooth  has  come  into  occlusion  it  is  soon  worn  off  by  mastication 
and  remains  only  in  protected  areas,  such  as  the  pits  and  fis¬ 
sures,  the  interproximal  surfaces,  and  the  cervical  portion  of  the 
teeth.  Two  kinds  of  cuticles  can  be  distinguished:  the  very  thin 
(about  1  micron),  primary  cuticle,  formed  by  the  ameloblasts  and 
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lying  next  to  the  enamel,  and  the  thicker  (4  to  7  micra),  hornified 
secondary  cuticle  formed  by  the  oral  epithelium  during  the  erup¬ 
tion  of  the  tooth  and  located  on  top  of  the  primary  cuticle 
(Fig.  6).  Because  of  its  hornification  the  secondary  cuticle  prob¬ 
ably  affords  a  certain  amount  of  protection  to  the  enamel. 
Rarely  is  it  possible  to  see  both  cuticles  in  the  same  specimen. 
The  primary  cuticle  is  usually  calcified  and  therefore  difficult  to 
find  in  a  decalcified  section. 

Dentino-enamel  Junction.— The  plane  of  junction  of  enamel 
and  dentin,  the  dentino-enamel  junction,  may  be  smooth  and 


Fig.  9. — Scalloped  dentino-enamel  junction.  Ground  section.  Cervical  portion  of  the 
crown  of  a  lower  incisor.  D,  dentin;  £,  enamel.  Magnification  X  60. 

even,  or  it  may  be  irregular  with  many  small  circular  depressions 
into  the  dentin  (Fig.  9).  In  sections  through  the  crown  such  a 
dentino-enamel  junction  appears  scalloped.  In  some  teeth  the 
entire  dentino-enamel  junction  is  smooth  and  even;  more  often, 
however,  some  parts  of  it  are  scalloped  while  the  rest  is  smooth. 
Occasionally  a  tooth  is  found  in  which  the  entire  dentino-enamel 
junction  is  scalloped. 


PLATE  1  I  I 


Longitudinal  Ground  Section  Through  the  Crown  of  the  Upper 

First  Bicuspid  of  a  Young  Adult. 

E,  enamel;  D,  dentin;  C,  primary  cementum;  DEJ,  dentino-enamel  junction;  S,  scal¬ 
loped  dentino-enamel  junction;  CEJ,  cemento-enamel  junction;  DCJ,  dentino-cemental 
junction;  P,  pulp  chamber;  PH,  pulp  horns;  F,  occlusal  fissure;  GE,  gnarled  enamel;  SR, 
stripes  of  Retzius;  ES,  enamel  spindles;  IG,  interglobular  spaces.  Magnification  X  10. 
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Enamel  Drops. — In  about  SO  per  cent  of  all  molars,  and  in 
about  15  per  cent  of  all  teeth,  there  are  small  islands  of  enamel  on 
the  dentin  surface  separated  from  the  rest  of  the  enamel.  These 
small  masses  of  enamel,  which  are  called  enamel  drops,  are  located 
in  the  bifurcation  of  molars  or  near  the  cemento-enamel  junction 
(Fig.  10).  In  older  teeth  they  are  usually  surrounded  by  thick 
layers  of  cementum. 


Fig.  10. — Enamel  drop  in  the  bifurcation  of  the  roots  of  a  lower  molar.  Decalcified 
section.  D,  dentin;  C,  cementum;  ED,  enamel  drop;  EE,  remnants  of  enamel  epithelium; 
CT,  connective  tissue  between  the  root;  ER,  epithelial  rests  of  Malassez.  Magnification 

X  no. 

Pits  and  Fissures. — Pits  and  fissures  are  deep,  narrow  depres¬ 
sions  in  the  enamel  surface.  They  indicate  the  lines  of  fusion  of 
the  individual  centers  of  calcification  from  which  the  crown  de¬ 
veloped.  The  difference  between  a  pit  and  a  fissure  is  based  upon 
their  horizontal  extension :  a  pit  is  a  more  or  less  circular  opening 
in  the  enamel  surface  with  steep  walls,  whereas  a  fissure  is  a  deep 
cleft  of  considerable  length.  The  enamel  at  the  bottom  of  pits  and 
fissures  is  relatively  thin,  but  the  dentin  is  never  exposed  in  these 
areas  in  normally  formed,  intact  teeth  (Plate  III). 

Pits  and  fissures  analogous  to  those  in  human  teeth  are  found 
in  the  molars  and  premolars  of  many  mammals  whose  teeth  re¬ 
semble  those  of  man.  Dental  caries  usually  begins  in  the  pits  and 
fissures. 
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Enamel  Structure,  Caries,  and  Cavity  Preparation. — Dental 
caries,  the  most  common  dental  disease  and  perhaps  the  most 
common  disease  of  the  entire  human  body,  always  starts  in  the 
enamel,  except  in  older  individuals  in  whom  part  of  the  root  is 
exposed  so  that  caries  can  start  in  the  cementum.  Acid-producing 
bacteria  accumulate  on  the  enamel  surface,  and  the  acids  formed 
by  them  decalcify  the  interprismatic  substance  and  later  the  rods 
themselves,  causing  disintegration  of  the  enamel.  Because  of  their 
inaccessibility  to  natural  and  artificial  cleansing  agents,  the  bot¬ 
tom  of  pits  and  fissures  is  most  frequently  the  site  for  beginning 
caries. 

Caries  often  follows  the  course  of  the  enamel  lamellae,  which 
are  the  paths  through  the  enamel  that  offer  the  least  resistance. 


Fig,  11. — -Diagram  indicating  the  general  course  of  the  enamel  rods  and  the  lines  of 

cleavage  in  the  crown  of  a  lower  molar. 


When  the  dentino-enamel  junction  is  reached,  the  carious  process 
spreads  much  more  rapidly  through  the  less  resistant  dentin,  thus 
undermining  the  enamel  and  attacking  it  from  beneath. 

The  presence  of  caries  requires  prompt  removal  of  all  diseased 
tissue  and  its  replacement  by  a  suitable  filling.  This  diseased  and 
undermined  enamel  is  best  removed  by  means  of  cutting  instru¬ 
ments.  Enamel  can  easily  be  cleaved  parallel  to  the  direction  of 
the  enamel  rods,  but  at  right  angles  to  the  course  of  the  rods,  the 
enamel  is  very  resistant  (Fig.  11).  Gnarled  enamel,  because  of 
the  twisted  course  of  the  rods,  can  be  cleaved  only  with  great 
difficulty.  In  the  preparation  of  cavities  it  is  important  to  remove 
all  unsupported  enamel  at  the  edge  of  the  cavity,  since  other¬ 
wise  such  enamel  is  likely  to  chip  off  during  mastication  and  leave 
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the  margins  of  the  filling  exposed.  Correct  cavity  preparation 
calls  for  enamel  walls  that  are  parallel  with  the  enamel  rods,  with 
an  outward  bevel  at  the  margin  so  that  the  filling  material  will 
protect  the  enamel  edges. 

The  Problem  of  Vital  Processes  in  the  Enamel. — While  the 
enamel  is  being  formed,  it  can  be  influenced  by  diseases  and  by 
disturbances  of  the  metabolism.  Malnutrition  and  other  influences 
may  interfere  with  its  normal  deposition  and  may  result  in  mal¬ 
formed  or  poorly  calcified  teeth. 

After  the  enamel  is  completed  and  the  tooth  erupted,  there  is 
no  evidence  that  it  can  react  to  irritation,  that  its  chemical  com¬ 
position  can  change,  or  that  any  substance  can  be  added  to  or 
withdrawn  from  it.  The  human  enamel  has  no  circulatory  chan¬ 
nels,  nor  has  any  actual  circulation  in  it  been  demonstrated. 
There  may  be  a  slow  diffusion  of  fluids  into  the  enamel;  in  this 
way  soluble  substances  may  enter  the  enamel,  such  as  histological 
stains,  or  soluble  metal  salts  around  an  old  amalgam  filling  may 
cause  discoloration.  But  these  changes  are  merely  physical,  not 
vital,  and  occur  in  pulpless  teeth  as  well  as  in  teeth  with  vital 
pulps  and  in  the  test-tube  as  well  as  in  the  mouth.  The  same  is 
true  of  the  decalcification  of  the  enamel  in  caries,  which  is  merely 
a  chemical  dissolution  of  the  rods  and  the  interprismatic  sub¬ 
stance. 

Therefore,  we  have  no  reason  to  consider  fully  formed  enamel 
a  living  tissue.  Variations  m  the  susceptibility  to  dental  caries 
can  not  be  explained,  according  to  our  present  knowledge,  on  the 
basis  of  tissue  immunity  and  resistance,  nor  by  a  change  in  the 
chemical  composition  of  the  enamel,  but  must  be  accounted  for 
by  changes  outside  of  the  tooth  itself,  most  likely  in  the  physical 
and  chemical  properties  of  the  saliva  and  in  the  bacterial  flora 
of  the  oral  cavity. 

If  we  consider  the  presence  or  absence  of  a  reaction  to  external 
stimuli  as  the  final  distinction  between  vital  and  non-vital  sub¬ 
stances,  enamel  would  unquestionably  belong  in  the  non-vital 
class.  In  this  respect  it  behaves  the  same  as  other  structures  of 
ectodermal  origin  which  are  no  longer  vital  once  they  have  lost 
connection  with  their  formative  tissue.  Examples  of  this  are  the 
hair  and  nails,  and  the  feathers,  horns,  and  hoofs  of  animals 
which  in  themselves  are  lifeless  structures,  although  they  are  the 
product  of  living  cells. 
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Summary.— Enamel  is  a  highly  calcified  ectodermal  tissue 
built  of  individual  enamel  rods  or  prisms.  It  contains  a  minimum 
of  organic  substance  and  is  devoid  of  vital  processes.  Its  functions 
are  to  divide  and  masticate  food,  to  protect  the  less  hard  and 
more  vulnerable  inner  structures  of  the  tooth  and,  finally,  in  the 
animal  kingdom,  to  make  the  teeth  more  serviceable  as  weapons 
and  tools. 


LABORATORY  EXERCISES 

For  the  study  of  enamel,  ground  sections  through  human  teeth 
should  be  used.  In  longitudinal  ground  sections  through  the  crown, 
the  course  of  the  enamel  rods  in  different  parts  of  the  crown  can 
be  noted.  Near  the  tip  of  the  crown  gnarled  enamel  is  usually 
present  (Plates  I  and  III). 

Stripes  of  Retzius  can  usually  be  found,  although  their  dis¬ 
tribution  and  visibility  vary  greatly  in  different  teeth.  Enamel 
spindles  may  or  may  not  be  present  near  the  incisal  edge  or  near 
the  cusps.  The  dentino-enamel  junction  should  be  studied  care¬ 
fully,  noting  especially  if,  and  to  what  extent,  the  junction  is 
scalloped. 

Fissures  in  the  enamel  are  visible  in  ground  sections  through 
bicuspids  and  molars,  providing  that  the  section  has  been  pre¬ 
pared  through  the  center  of  the  occlusal  surface.  Since  in  most 
ground  sections  the  fissures  are  filled  with  debris  from  the  grind¬ 
ing,  it  is  necessary  to  follow  the  enamel  outline  carefully  under 
the  microscope  in  order  to  appreciate  properly  their  depth  and 
narrowness.  In  many  teeth  beginning  caries  at  the  bottom  of  a 
fissure  may  be  recognized  by  the  brownish  discoloration  of  the 
enamel. 

In  transverse  or  cross-sections  through  the  crown,  the  enamel 
lamellae  can  be  seen  (Fig.  4  and  Plate  II).  However,  not  every 
dark  line  running  perpendicularly  through  the  enamel  is  neces¬ 
sarily  a  lamella;  many  such  lines  are  cracks  resulting  from  me¬ 
chanical  injury  to  the  section  during  grinding,  and  a  distinction 
between  cracks  and  lamellae  is  not  always  easy  to  make.  The 
classic  experiment  to  demonstrate  this  distinction  is  to  treat  a 
freshly  ground  section  with  dilute  acid  under  the  microscope,  so 
that  the  enamel  is  slowly  dissolved  away.  If  the  dark  line  in 
question  aisappears  without  leaving  a  trace,  it  was  merely  a 
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crack;  if,  however,  fine  threads  of  organic  material  are  left  after 
the  dissolution  of  the  supporting  enamel,  the  existence  of  a  lamella 
is  thus  actually  demonstrated.  Occasionally  the  connection  be¬ 
tween  the  peripheral  end  of  a  lamella  and  the  cuticle  on  the 
enamel  surface  can  be  seen. 

Between  the  enamel  lamellae  the  tufts  are  seen  as  short  bunches 
of  fibers  radiating  from  the  dentino-enamel  junction  into  the 
enamel.  It  is  necessary  to  move  the  objective  of  the  microscope 
to  see  all  component  blades  of  a  tuft,  since  they  are  located  in 
different  levels  of  the  section. 

Enamel  spindles  may  be  present  in  a  cross-section  through  the 
incisal  or  occlusal  end  of  the  crown. 

Stripes  of  Retzius  appear  as  circular  brown  or  yellow  lines. 
Just  as  in  longitudinal  sections,  their  appearance  and  distribution 
may  vary  greatly:  they  may  be  prominent  and  encircle  the  entire 
crown,  or  they  may  be  very  pale  and  confined  to  a  few  small 
areas  (Plate  II). 

The  finer  structures  of  the  enamel  should  be  studied  under  high 
magnification  or  with  the  oil  immersion  lens  in  thin  ground  sec¬ 
tions  or  in  decalcified  sections  through  the  forming  enamel  of 
tooth  germs  of  man  or  animals.  In  such  sections  there  can  be 
seen  enamel  rods  in  longitudinal  and  cross  section,  interprismatic 
substance,  and  Schreger’s  lines. 


CHAPTER  III 


DENTIN 

Chemical  Composition  of  the  Dentin. — The  dentin  is  consider¬ 
ably  softer  then  the  enamel.  Its  chemical  composition  resembles 
that  of  bone;  it  consists  of  about  70  per  cent  inorganic  salts  and 
about  30  per  cent  organic  matrix.  The  main  inorganic  component 
of  the  dentin  is  the  same  as  that  of  enamel,  tricalcium  phosphate, 
and  other  salts  of  calcium  and  magnesium  are  present  in  small 
quantities. 

The  organic  components  of  dentin  are  water  and  the  dentinal 
matrix,  which  contains  very  fine,  collagenous  connective  tissue 
fibril!^.  Dentinal  matrix  is  identical  with  bone  matrix,  and  like 
the  latter  yields  glue  when  boiled. 

It  is  possible  to  separate  the  organic  and  inorganic  components 
of  the  dentin  and  to  study  their  physical  and  chemical  properties. 
If  immediately  after  extraction  a  tooth  is  put  into  a  dilute  in¬ 
organic  acid,  such  as  a  5  per  cent  solution  of  nitric  acid,  for  several 
days,  the  stronger  nitric  acid  breaks  up  the  union  of  the  weaker 
phosphoric  and  carbonic  acids  with  the  calcium  ions,  and  calcium 
nitrate  is  formed,  which  is  soluble  in  water.  Thus  only  the  organic 
components  are  left  in  the  tooth.  Practically  all  of  the  enamel  dis¬ 
appears,  since  it  contains  only  a  very  small  amount  of  organic 
matter  (keratin).  The  dentin,  on  the  other  hand,  with  a  relatively 
high  percentage  of  organic  matter  retains  its  original  shape,  al¬ 
though  its  physical  properties  have  been  changed:  without  in¬ 
organic  salts  the  dentinal  matrix  is  soft  and  flexible,  of  cartilagi¬ 
nous  consistency,  so  that  it  can  easily  be  cut  with  a  knife.  After 
decalcification  dentin  weighs  about  one-third  of  its  original  weight. 

In  order  to  demonstrate  the  inorganic  components  of  the 
dentin,  it  must  be  calcined,  that  is,  heated  to  red  heat  for  a  short 
time.  The  organic  matrix  is  thus  burned  out,  and  what  remains  is 
largely  composed  of  the  inorganic  salts.  The  dentin  retains  its 
original  shape,  but  is  dry  and  brittle  and  crumbles  easily.  Its 
weight  is  approximately  two- thirds  of  the  original. 

Dentinal  Matrix  and  Dentinal  Tubules.— The  dentinal  ma¬ 
trix  is  built  of  very  delicate  connective  tissue  fibrillae,  which  are 
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arranged  parallel  to  the  dentin  surface  and  form  a  dense  network. 
The  matrix  is  pierced  by  fine  canals,  the  dentinal  tubules,  which 
extend  from  the  dentino-enamel  junction  through  the  entire 
thickness  of  the  dentin  and  open  into  the  pulp  chamber.  The 
diameter  of  an  individual  tubule  is  2  to  3  micra  near  the  pulp 
chamber  and  about  1  micron  near  the  periphery  of  the  dentin. 
There  are  about  25,OCO  tubules  in  1  square  millimeter  of  dentin. 

The  dentinal  tubules  have  a  definite  course,  which  can  best 
be  studied  in  longitudinal  sections  through  the  center  of  a  tooth. 


Fig.  12. — Diagram  indicating  the  general  course  of  the  dentinal  tubules  in  an  upper  incisor. 

A  relatively  small  number  of  tubules  are  straight,  namely,  those 
that  run  from  the  incisal  edge  and  from  the  tips  of  the  cusps  to 
the  pulp  chamber.  Occasionally  straight  tubules  are  also  found 
in  portions  of  the  root.  Otherwise  all  tubules  have  an  S-shaped 
course  with  the  end  at  the  dentino-enamel  junction  always  nearer 
the  occlusal  surface  (Fig.  12,  Plates  I  and  III). 

All  along  their  course  through  the  dentin,  neighboring  tubules 
are  connected  by  fine  branches.  Near  the  surface  of  the  dentin 
each  tubule  divides  into  two  to  four  major  branches,  the  terminal 
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ramifications,  which  communicate  with  similar  branches  from 
adjacent  tubules  (Fig.  13).  The  resulting  system  of  tubules  is  the 
terminal  plexus.  Occasionally  a  terminal  branch  of  a  tubule  ex¬ 
tends  beyond  the  dentino-enamel  junction  into  the  enamel  to 
form  a  spindle,  or  a  branch  of  a  tubule  may  simply  extend  for  a 
short  distance  into  the  enamel  without  showing  a  spindle-shaped 
distention. 

The  layer  of  dentin  which  forms  the  wall  of  the  tubule  is  known 
as  Neumann’s  sheath.  In  stained  sections  this  dentin  appears 


Fig.  13. — Terminal  ramifications  of  the  dentinal  tubules  at  the  dentino-enamel  junction. 
Ground  section.  D,  dentin;  DEI,  dentino-enamel  junction;  E,  enamel.  Magnification 
X  600. 

darker  than  the  rest,  which,  in  turn,  has  led  to  the  conception  of 
a  distinct  sheath  around  each  tubule.  However,  recent  investi¬ 
gations  have  shown  that  no  such  Neumann’s  sheath  exists;  the 
dentin  surrounding  the  tubule  is  not  different  from  the  rest,  and 
its  different  staining  property  is  due  to  a  physical  phenomenon  of 
surface  adsorption. 

The  dentinal  tubules  contain  the  dentinal  fibrils  or  Tomes’ 
fibers,  which  are  protoplasmic  extensions  of  the  odontoblasts. 
Between  Tomes’  fibers  and  the  walls  of  the  tubules  there  seems 
to  be  a  capillary  space  containing  tissue  fluid  (lymph)  (Fig.  14). 
In  addition  to  Tomes’  fibers,  the  dentinal  tubules  contain  non- 
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myelinated,  sensory  nerve  fibrils,  which  are  the  terminal  branches 
of  the  pulp  nerves  and  are  the  cause  for  the  sensitiveness  of  living 


Fig.  14.— Dentinal  tubules  and  Tomes’  fibers.  Decalcified  section  through  human  den¬ 
tin  at  right  angles  to  the  direction  of  the  tubules.  D,  dentin;  DT,  walls  of  the  tubules, 
formerly  called  Neumann’s  sheath;  T,  Tomes’  fibers  surrounded  by  lymph  space.  Mag¬ 
nification  X  1250. 

dentin  (Fig.  15).  Similar  fine  nerve  fibrils  have  also  been  found  in 
the  dentinal  matrix  between  the  tubules. 


Fig.  15. — Nerves  in  the  dentin.  Longitudinal  section  through  three  dentinal  tubules. 
In  each  tubule  a  non-myelinated  nerve  fiber  can  be  seen  alongside  Tomes’  fiber;  fine 
branches  of  this  intratubular  nerve  fiber  encircle  Tomes’  fiber  at  frequent  intervals. 
(Toyoda,  Trans.  Nippon  Dental  Assn.)  Magnification  about  1600. 


Predentin. — In  the  formation  of  dentin  an  uncalcified  matrix 
is  first  laid  down;  calcium  salts  are  then  deposited  in  this  matrix 
in  the  form  of  small  individual  globules.  These  globules  increase 
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in  size  until  they  become  fused  and  thus  form  mature,  calcified 
dentin. 

As  evidence  of  the  continuous  dentin-building  activity  of  the 
pulp,  a  thin  layer  of  uncalcified  matrix  is  found  in  all  intact  teeth 
immediately  next  to  the  pulp.  This  thin  layer  of  matrix  is  the 
predentin  or  dentinoid.  Usually  it  cannot  be  seen  in  ground  sec¬ 
tions  but  is  plainly  visible  in  decalcified  sections  stained  with 
hematoxylin  and  eosin,  since  it  readily  takes  up  eosin  and  becomes 


Fig.  16.  -Calcification  of  the  dentin.  The  innermost  layer  of  dentin,  next  to  the  pulp 
tissue,  is  still  uncalcified  predentin.  P,  pulp  tissue;  V,  blood-vessel  (vein);  Od,  odonto¬ 
blasts;  D^,  uncalcified  dentinal  matrix  (predentin,  dentinoid);  Gl,  globules  of  calcification; 
D,  calcified  dentin.  Magnification  X  200. 

bright  pink  or  orange,  where  as  the  calcified,  older  portion  of  the 
dentin  stains  a  dark  blue  or  purple  with  hematoxylin.  In  such 
stained  sections  the  individual  globules  of  calcium  salts  can  be 
distinguished  at  the  borderline  between  uncalcified  and  calcified 
dentin  (Fig.  16  and  Plate  VIII). 

Interglohular  Spaces. — The  calcification  of  the  dentinal  matrix 
is  not  always  complete.  Usually  there  are  areas  in  the  dentin  in 
which  the  globules  of  calcification  are  not  perfectly  joined,  so  that 
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small  areas  of  dentinal  matrix  are  left  between  the  globules. 
These  islands  of  matrix,  which  are  surrounded  by  the  convex 
surfaces  of  the  adjacent  calcified  globules,  are  known  as  inter- 
globular  spaces  (Fig.  17).  Recently  interglobular  spaces  have  been 
more  correctly  called  interglobular  dentin,  since  they  are  in  reality 
not  spaces,  but  areas  of  dentinal  matrix  located  between  the  cal¬ 
cified  globules. 


Fig.  17. — Interglobular  spaces  in  the  dentin.  Ground  section.  The  areas  of  predentin 
are  surrounded  by  calcified  dentin  and  bordered  by  the  spherical  surfaces  of  the  globules. 
IG,  interglobular  spaces.  Magnification  X  250. 


The  interglobular  spaces  abound  in  some  teeth  and  are  lacking 
in  others.  However,  it  is  rare  to  find  a  tooth  in  which  there  are 
not  at  least  a  few  in  the  crown,  in  the  root  or  in  both.  Frequently 
thev  are  arranged  in  distinct  rows,  parallel  to  the  dentin. 

These  spaces  are  the  evidence  of  a  disturbance  in  the  calcium 
metabolism  of  the  body  at  the  time  the  dentin  was  being  formed. 
If  such  a  disturbance  occurs  early  in  life,  the  resulting 
globular  spaces  are  usually  located  in  the  crown ;  if  later,  the}'  are 
found  in  the  root  portion.  If  the  disturbance  of  the  calcium 
metabolism  was  severe,  such  as  with  rickets  or  similar  diseases, 
there  are  a  large  number  of  interglobular  spaces,  conversely,  if 
the  individuaFs  health  was  good  and  calcification  took  place 
normally,  there  are  only  a  few  or  none  at  all. 


PLATE  IV 


AF 


Longitudinal  Ground  Section  Through  an  Upper  Central  Incisor 
of  a  Middle-aged  Individual.  The  Tooth  is  Moderately  Abraded  as 
Well  as  Affected  by  Dental  Caries. 

E,  enamel;  D,  dentin;  PC,  primary  cementum;  SC,  secondary  cementum;  CEj,  cemento- 
enamel  junction;  P,  pulp  chamber;  RC,  root  canal;  AF,  apical  foramen;  SR,  stripes  of 
Retzius;  IG,  interglobular  spaces;  TL,  Tomes’  granular  layer;  A,  abraded  incisal  portion 
of  crown;  SDi,  secondary  (irregular)  dentin  formed  in  response  to  abrasion;  C,  superficial 
dental  caries  at  the  cemento-enamel  junction;  SD2,  secondary  (irregular)  dentin  formed 
in  response  to  caries.  Magnification  X  7. 
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lomes^  Granular  Layer. — In  the  dentin  of  the  root,  directly 
beneath  the  dentino-cemental  junction,  is  a  layer  of  small  inter- 
globular  spaces  known  as  the  granular  layer  of  Tomes  (Fig.  18). 


Fig.  18.— Granular  layer  of  Tomes  in  the  dentin  of  the  root.  Ground  section.  This  layer 
consists  of  an  accumulation  of  small  interglobular  spaces  at  the  dentin  surface.  DT,  den¬ 
tinal  tubules;  TL,  Tomes’  granular  layer;  C,  primary  cementum.  Magnification  X  160. 

It  is  a  constant  structure,  present  in  every  tooth;  its  significance 
is  not  known. 

Contour  Lines  of  Owen. — The  calcification  of  the  dentin,  like 
that  of  the  enamel,  does  not  take  place  as  a  continuous  process 
but  in  a  rhythmic  manner  with  alternate  periods  of  somewhat 
better  and  poorer  calcification.  In  the  enamel  the  evidence  of  this 
alternation  is  the  stripes  of  Retzius;  in  the  dentin,  the  contour 
lines  of  Owen.  These  lines,  which  are  plainly  visible  in  decalcified, 
hematoxylin-eosin  stained  sections,  appear  as  alternating  lighter 
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and  darker  lines  running  through  the  dentin  in  both  crown  and 
root  at  a  slight  angle  to  the  dentin  surface  (Fig.  19  and  Plate  VII). 
In  teeth  with  many  interglobular  spaces  the  position  of  the  latter 
coincides  with  the  course  of  the  contour  lines,  or  the  contour  lines 
may  actually  consist  of  rows  of  small  interglobular  spaces.  This 
indicates  that  the  contour  lines  and  the  interglobular  spaces  are 
closely  related,  since  both  are  evidence  of  variations  in  the  dentin 
calcification. 

In  addition  to  the  wider  contour  lines  of  Owen,  many  teeth 
show  a  much  finer  incremental  pattern  in  the  dentin.  These  hne 


Fig.  19. — Contour  lines  of  Owen.  Mesiodistal  section  through  the  crown  of  an  upper 
first  deciduous  molar  of  a  child,  aged  one  and  one-half  years.  Owen’s  lines  appear  as  light 
lines  in  the  dentin  encircling  the  pulp  chamber;  they  indicate  those  periods  of  life  during 
which  the  forming  dentin  was  poorly  calcified.  P,  pulp;  OL,  Owen’s  lines.  Magnification 
X  12. 

lines  are  usually  arranged  very  regularly  and  are  probably  the 
expression  of  a  daily  rhythm  in  dentin  calcihcation. 

Age  Changes  in  the  Dentin. — The  amount,  appearance,  and 
structure  of  the  dentin  change  throughout  the  life  of  the  tooth. 
It  is  important  for  the  dentist  to  know  about  these  changes, 
since  they  have  a  definite  bearing  upon  many  procedures  in 
clinical  dentistry. 

The  formation  of  dentin  continues  throughout  life  as  long  as 
the  pulp  is  intact.  As  a  result,  the  dentin  becomes  gradually 
Uhicker  and  the  pulp  chamber  and  root  canal  correspondingly 
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smaller.  In  youth  all  dentinal  tubules  contain  living  Tomes’ 
fibers.  With  advancing  age  some  of  the  tubules  become  obliterated 
by  calcium  salts,  their  vital  contents  are  lost,  and  these  areas 
then  appear  denser  than  the  surrounding  dentin.  This  condition 


Fig.  20.— Secondary  (irregular)  dentin  at  the  incisal  end  of  the  pulp  chamber  of  an 
abraded  incisor.  E,  enamel  showing  stripes  of  Retzius;  PD,  primary  (regular)  dentin; 
SD,  secondary  (irregular)  dentin  with  few  and  irregular  tubules.  Magnification  X  36. 

is  called  sclerosis  of  the  dentin.  In  very  old  teeth  almost  all  of 
the  dentin  may  be  sclerotic. 

The  continual  use  of  the  teeth  for  mastication  gradually  wears 
down  the  enamel  at  the  incisal  edges  and  at  the  tips  of  the  cusps. 
By  the  time  the  individual  is  middle-aged,  the  enamel  at  these 
points  is  usually  worn  through  and  the  dentin  is  exposed  (Plate 
IV).  In  response  to  this  exposure  of  dentin,  a  different  type  of 
dentin  is  deposited  at  the  pulpal  ends  of  those  tubules  that  have 
been  injured.  This  dentin  is  called  secondary  dentin  to  differentiate 
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it  from  primary  dentin,  which  is  formed  without  outside  irritation. 
Secondary  dentin  is  the  more  highly  calcified  dentin;  it  has  fewer 
tubules,  and  their  course  is  irregular  and  tortuous  (Fig.  20).  It 
is  the  result  of  a  protective  mechanism  of  the  pulp:  in  order  to 
protect  itself  against  irritation  and  exposure,  the  pulp  seals  the 
openings  of  the  tubules  in  the  danger  zone  with  hurriedly  de¬ 
posited  dentin. 

There  are  other  causes  besides  abrasion  for  the  formation  of 
secondary  dentin.  Dental  caries  is  one  of  the  most  common  ones. 
Also  every  dental  operation  which  entails  cutting  and  drilling 
into  sound  dentin  is  followed  by  the  formation  of  secondary 
dentin  in  the  pulp  chamber.  A  typical  circumscribed  deposi¬ 
tion  of  secondarv  dentin  in  response  to  caries  is  illustrated  in 
Plate  IV. 

For  no  known  reason,  most  of  the  dentin  in  older  teeth  is  usually 
of  irregular  structure.  This  is  especially  true  of  the  dentin  lining 
the  walls  of  the  root  canals,  which  is  rarely  regular  and  typical 
(Plate  V). 

There  are  many  kinds  of  secondary  dentin,  with  varying 
amounts  of  irregularity.  One  kind  is  constructed  almost  like 
primary  dentin,  except  for  slight  irregularities  in  the  course  of 
the  tubules.  Another  kind  has  fewer  tubules,  and  still  another  has 
practically  no  tubules  and  is  so  dense  that  only  with  difficulty 
is  it  recognized  as  dentin. 

Caries  and  Cavity  Preparation. — Dental  caries  progresses  into 
the  dentin  along  the  dentinal  tubules.  Bacteria  penetrate  through 
the  tubules,  first  destroy  their  content,  and  later  decalcify  and 
destroy  the  dentinal  substance  between  the  tubules.  Sclerosis 
of  the  dentin  beneath  the  decayed  area  and  secondary  dentin 
formation  are  the  defense  reactions  of  the  dental  tissues  to  this 
bacterial  invasion. 

The  treatment  for  caries  consists  of  the  removal  of  all  de¬ 
calcified  dentin,  cutting  into  the  surrounding  healthy  dentin,  and 
replacement  of  the  lost  portion  of  enamel  and  dentin  by  a  suitable 
filling  material.  In  contrast  to  the  enamel,  which  is  harder  than 
steel  and  therefore  can  be  cleaved  only  parallel  to  the  course  of 
the  rods,  dentin  can  be  cut  easily  with  sharp  steel  burs  or  with 
cutting  instruments.  The  sensitiveness  of  the  dentin,  caused  by 
the  presence  of  nerve  fibrils  in  the  dentinal  tubules,  can  be  con¬ 
trolled  successfully  by  various  forms  of  anesthesia. 
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The  Problem  of  Vital  Processes  in  the  Dentin.— Young  dentin 
must  be  considered  a  living  tissue.  It  is  sensitive  and  reacts  to 
irritation  and  injury.  Also  in  all  probability  there  exists  a  lymph 
circulation  in  the  space  between  Tomes’  fiber  and  the  wall  of  the 
tubule.  It  has  been  demonstrated  that  substances  present  in 
the  pulp  tissue  are  carried  into  the  dentin  by  this  intratubular 
lymph  stream  and  thus  reach  the  dentmo-enamel ’junction,  al¬ 
though  they  rarely  pass  into  the  enamel.  Freshly  exposed  young 
dentin  is  permeable  because  of  the  open  communication  afforded 
by  the  severed  dentinal  tubules.  It  is  therefore  necessary  to  pro¬ 
tect  dentin  cut  in  cavity  preparation  by  means  of  temporary 
fillings  to  prevent  possible  pulp  irritation  and  infection. 

With  advancing  age  the  vitality  of  the  dentin  is  greatly  de¬ 
creased  by  sclerosis  and  obliteration  of  the  tubules  and  by  sec¬ 
ondary  dentin  formation  which  cuts  off  the  tubules  from  the 
pulp.  Old  dentin  may  become  entirely  insensitive  and  imper¬ 
meable. 

Summary. — Dentin  is  a  calcified  mesodermal  tissue  which 
forms  the  bulk  of  the  tooth.  It  is  pierced  by  fine  canals,  the  den¬ 
tinal  tubules,  that  extend  from  the  pulp  to  the  dentin  surface. 
Its  functions  are  to  give  mechanical  support  to  the  enamel,  to 
conduct  stimuli  through  its  nerves  from  the  dentin  surface  to 
the  pulp,  and  to  protect  the  pulp  from  external  injury. 

LABORATORY  EXERCISES 

Dentin  should  be  studied  both  in  ground  sections  and  in  de¬ 
calcified  sections  stained  with  hematoxylin  and  eosin.  In  longi¬ 
tudinal  ground  sections  through  intact  young  teeth,  the  general 
outline  and  distribution  of  the  dentin  is  clearly  visible  (Plates  I 
and  III).  Especially  important  from  a  practical  point  of  view  is 
the  location  of  the  pulp  chamber  and  pulp  horns  in  relation  to 
the  dentin  surface. 

The  straight  dentinal  tubules  near  the  tip  of  the  section  should 
first  be  noted.  Then  the  tubules  should  be  followed  further  apically 
and  their  course  determined.  It  is  a  good  plan  to  find  a  small 
group  of  tubules  at  the  dentin  surface  and  to  trace  it  through 
the  entire  thickness  of  the  dentin  to  the  pulp  chamber.  In  every 
ground  section  which  runs  through  the  pulp  chamber  there  are 
areas  in  which  this  can  be  done.  Near  the  surface  of  the  dentin 
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the  terminal  ramifications  of  the  dentinal  tubules  can  be  clearly 
recognized  in  both  longitudinal  and  transverse  ground  sections. 
In  the  occlusal  portions  of  the  crown  it  is  sometimes  possible  to 

demonstrate  the  coneection  between  dentinal  tubules  and  enamel 
spindles. 

In  almost  every  ground  section  there  are  at  least  some  small 
areas  in  which  the  tubules  are  cut  perpendicularly.  They  appear 
then  as  very  fine  rings  with  an  empty  lumen.  Cross-sections 
through  tubules  are  best  seen  in  transverse  sections  through  the 
crown  in  a  plane  crownward  from  the  pulp  chamber. 

Interglobular  spaces  are  found  in  most  ground  sections,  longi¬ 
tudinal  as  well  as  transverse  (Plate  III).  Under  higher  magnifica¬ 
tion  the  globules  surrounding  the  individual  interglobular  spaces 
can  be  recognized.  If  the  ground  sections  have  been  stained,  for 
instance  with  fuchsin,  a  red  dye,  the  interglobular  dentin  is  stained 
with  the  dye  and  is  especially  prominent. 

Tomes’  granular  layer  is  visible  in  all  teeth  in  longitudinal 
and  transverse  sections  through  the  root;  it  appears  as  a  layer 
of  fine  yellow  or  brownish  granulations  in  the  dentin  directly 
beneath  the  cementum  (Plate  V).  Under  high  magnification  the 
individual,  small  interglobular  spaces  can  be  recognized. 

In  all  sections  through  older  teeth  and  teeth  showing  either 
occlusal  wear  (abrasion)  or  caries,  irregular  secondary  dentin  is 
present,  which  sometimes  obliterates  most  of  the  original  pulp 
chamber.  The  degree  of  irregularity  and  the  distribution  and 
course  of  the  tubules  in  the  irregular  dentin  should  be  carefully 
noted. 

In  stained  sections  through  decalcified  dentin  the  following 
structures,  in  addition  to  those  seen  in  ground  sections,  can  be 
found:  Next  to  the  odontoblastic  layer  of  the  pulp,  the  predentin 
(dentinoid)  appears  as  a  thin  layer  stained  considerably  lighter 
than  the  rest  of  the  dentin  (Plate  VIII).  The  dentinal  tubules  can 
be  followed  from  the  odontoblasts  through  the  predentin  into 
the  dentin;  under  high  magnification  Tomes’  fibers  may  be  seen 
entering  the  tubules,  and  in  sections  cut  perpendicularly  to  the 
tubules,  these  fibers  show  as  dark  dots  in  the  lumen  of  the  tubules. 
The  wide  space  between  Tomes’  fibers  and  the  tubular  walls  is 
mainly  due  to  shrinkage  of  the  former.  With  low  magnification 
the  contour  lines  of  Owen  may  be  seen  as  alternating,  faint  light 
and  dark  zones  in  the  dentin  of  both  crown  and  root. 


CHAPTER  IV 


CEMENTUM 

Chemical  Composition  of  Cementum. — The  chemical  com¬ 
position  of  cementum  is  approximately  the  same  as  that  of  dentin 
and  bone,  that  is,  65  to  70  per  cent  inorganic  and  35  to  40  per 
cent  organic  material.  The  inorganic  components  are  tricalcium 
phosphate  and  the  other  salts  found  in  the  dentin.  The  organic 
part  is  a  matrix  of  fine,  collagenous  connective  tissue  fibrillae. 

Structure  and  Distribution  of  Cementum.  Cementum  is 
divided  into  cell-free  or  primary  cementum  and  cell-containing 
or  secondary  cementum. 

Primary  cementum  is  found  on  most  of  the  root  surface,  with 
the  exception  of  the  most  apical  portion.  It  is  thinnest  at  the 
cemento-enamel  junction  and  becomes  gradually  thicker  toward 
the  apex  (Plate  V).  In  ground  sections  the  primary  cementum 
usually  appears  structureless;  occasionally,  however,  two  kinds 
of  striation  can  be  found  in  it.  There  may  be  fine  lines  arranged 
at  right  angles  to  the  dentino-cemental  junction,  which  are  the 
embedded  ends  of  the  fibers  of  the  periodontal  membrane  (Sharp- 
ey’s  hbers).  There  may  also  be  faint  lines  parallel  to  the  dentino- 
cemental  junction;  these  are  incremental  lines  or  lines  of  deposi¬ 
tion,  indicating  successive  stages  of  cementum  formation  (Eig. 
21).  On  the  surface  of  the  cementum  is  a  very  thin  layer  of  un¬ 
calcified  cementum  matrix  (cementoid)  and  a  layer  of  cuboidal 
connective  tissue  cells,  the  cementoblasts  (cementum  builders) 

(Eig.  22). 

Secondary  or  cell-containing  cementum  lies  in  thick  layers  on 
the  root  surface  at  the  apex  and  in  the  bifurcation  of  the  roots  of 
molars  and  bicuspids.  It  contains  numerous  spaces,  the  lacunae, 
which  contain  the  cementum  cells  (Fig.  23).  Adjacent  lacunae 
are  interconnected  by  fine  channels,  the  canaliculi,  which  contain 
protoplasmic  extensions  of  the  cementum  cells  (Fig.  24).  The 
latter  are  cementoblasts  which  have  become  trapped  in  the 
cementum  during  its  deposition.  In  this  respect  the  relationship 
between  cementoblasts  and  cementum  cells  is  the  same  as  between 
osteoblasts  and  bone  cells  (osteocytes).  In  the  secondary  cemen- 
(44) 


PLATE  V 


Transverse  Ground  Section  Through  The  Root  of  a  Lower  First 
Bicuspid  Near  the  Cemento-enamel  Junction. 

PC,  primary  cementum;  D,  primary  (regular)  dentin;  SD,  secondary  (irregular)  den¬ 
tin;  RC,  root  canal;  TL,  Tomes’  granular  layer;  SF,  insertions  of  Sharpey’s  fibers  of  the 
periodontal  membrane  in  the  cementum.  Magnification  X  18. 
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turn,  just  as  in  the  primary,  embedded  Sharpey’s  fibers  and  lines 
of  deposition  can  usually  be  detected. 

In  decalcified  sections  through  human  and  animal  teeth  a 
typical  distribution  of  the  cementum  cells  in  the  different  layers 
of  the  secondary  cementum  can  be  observed.  In  the  youngest, 
most  superficial  cementum  layers,  the  cementum  cells  are  well 


Fig.  21. — Cell-free  (primary)  cementum  near  the  middle  of  the  root  of  an  incisor. 
Ground  section.  The  cementum  shows  faint  incremental  lines  parallel  to  the  surface  as 
well  as  traces  of  embedded  periodontal  membrane  fibers  (Sharpey’s  fibers)  perpendicular 
to  the  surface.  D,  dentin;  TL,  Tomes’  granular  layer;  C,  cementum;  IL,  incremental  lines; 
SF,  Sharpey’s  fibers.  Magnification  X  140. 


Stained,  and  each  occupies  the  entire  lacuna.  In  the  slightly  older 
layers  more  distant  from  the  surface,  the  cells  begin  to  show 
evidence  of  shrinkage  and  degeneration,  and  in  the  deepest, 
oldest  layers  they  have  disappeared  and  the  lacunae  are  empty 

(Fig.  23.) 

The  distribution  of  secondary  cementum  on  the  root  surface 
is  quite  constant.  In  young  teeth  it  is  usually  confined  to  the 
apical  one-third  or  one-fourth  of  the  root  (Plate  VI).  With  ad- 


PLATE  X 


Gingival  Tissues  and  Crest  of  Alveolar  Bone  on  the  Lingual  Side  of  a 

Molar  of  a  Young  Dog  (see  Plate  IX). 

D,  dentin;  C,  cementum;  CEJ,  cemento-enamel  junction;  E,  space  formerly  occupied 
by  the  enamel;  AB,  alveolar  bone  crest;  P,  periosteum,  AC,  alveolar  crest  fibers;  H, 
horizontal  fibers;  OE,  oblique  fibers;  F,  free  gingival  fibers;  ER,  epithelial  rests;  EA, 
epithelial  attachment  to  the  enamel;  Cu,  enamel  cuticle;  GC,  gingival  crevice;  GiM, 
gingival  margin;  EG,  free  gingiva;  OE,  oral  epithelium  with  high  papilloe.  Magnifica¬ 
tion  X36. 
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Transverse  Ground  Section  Through  the  Apex  of  a  Lower  First  Bicuspid 

SC,  secondary  cementum  laid  down  in  distinct  layers;  D,  regular  (primary)  dentin;  SD,  second 
ary  (irregular)  dentin;  RC,  root  canal;  TL,  Tomes’  granular  layer.  Magnification  X  30. 
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v3.ncing  it  extends  further  toward  the  cemento  en3.niel 

junction.  There  are  wide  individual  variations,  for  instance,  sec¬ 
ondary  cementum  may  be  confined  to  the  very  root  tip  on  one 
side  and  extend  over  one-half  of  the  root  on  the  other  side  of 

the  same  tooth. 

Age  Changes  in  the  Cementum.  Throughout  life  there  is  a 
continuous,  slow  deposition  of  cementum.  Most  of  it  that  is 


Fig.  22.— Cell-free  (primary)  cementum  near  the  cemento-enamel  junction  of  an  incisor. 
Decalcified  section.  The  light  and  dark  lines  parallel  to  the  cementum  surface  indicate 
successive  stages  of  deposition.  D,  dentin;  C,  cementum;  C\  uncalcified  cementum  (cemen- 
toid);  Cb,  cementoblasts;  PM,  fibers  of  periodontal  membrane  irradiating  into  the  cemen¬ 
tum.  Magnification  X  540. 

formed  later  in  life  is  of  the  cell-containing  type,  except  in  the 
cervical  portion  of  the  root  where  only  primary  cementum  is 
usually  deposited.  The  changes  in  the  condition  of  the  cementum 

cells  have  already  been  mentioned. 

Cementum  Hyperplasia  and  Cementicles.  Cementum  hyper¬ 
plasia,  excementosis  or  hypercementosis  are  unusually  thick 
deposits  of  cementum,  mostly  of  the  cell-containing  type,  either 
in  a  circumscribed  area  of  the  root  surface  or  all  over  the  root.  In 


CEMENTUM  HYPERPLASIA  AND  CEMENTICLES 


Fig.  23.  Cell-containing  (secondary)  cementum  near  the  apex  of  a  lower  molar.  The 
cementum  has  been  laid  down  in  many  layers.  The  superficial  layer  contains  living  cemen¬ 
tum  cells;  in  the  deeper  layers  the  lacunae  are  empty.  D,  dentin;  C,  cementum;  PM, 
periodontal  membrane.  Magnification  X  80. 


Fig.  24. — Lacunas  and  canaliculi  in  the  secondary  cementum.  Stained  ground  section. 
The  lacunae  are  interconnected  by  means  of  canaliculi.  Magnification  X  720. 

some  people  hypercementosis  is  present  in  practically  all  of  the 
teeth;  in  others,  only  one  or  a  few  teeth  show  markedly  thickened 
cementum.  The  condition  has  no  known  clinical  significance. 
Small  isolated  bodies  of  cementum  in  the  tissue  of  the  perio- 
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dontal  membrane  are  called  cementicles  (Fig.  25).  They  are 
frequently  found  in  the  vicinity  of  epithelial  rests  or  enamel 
drops,  since  they  are  probably  the  result  of  degeneration  and 
calcification  of  epithelial  cells. 

Function  of  Cementum. — The  primary  function  of  the  cemen- 
tum  is  to  serve  as  a  place  of  attachment  for  the  periodontal  mem¬ 
brane.  One  end  of  the  fiber  bundles  of  the  periodontal  membrane 


Fig.  25.— Cementicles  in  the  periodontal  membrane.  PC,  primary  cementum;  PM, 
periodontal  membrane;  ER,  epithelial  rests  of  the  periodontal  membrane;  C,  cementicles; 
AB,  alveolar  bone.  Magnification  X  140. 

is  embedded  in  the  cementum  and  the  other  end  in  the  wall  of 
the  bony  socket;  thus,  the  functional  unity  between  tooth,  perio¬ 
dontal  membrane,  and  bone  is  maintained. 

In  addition,  the  cementum  repairs  any  injury  or  damage  to 
the  root  surface.  Whenever  a  tooth  has  been  resorbed  because  of 
excessive  occlusal  stress,  infection,  or  any  other  injurious  agent, 
the  injury  is  always  covered  over  by  cementum,  restoring  normal 
functional  conditions  as  nearly  as  possible  (Fig.  26). 
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Summary.  Cementum,  which  resembles  bone,  is  a  calcified 
mesodermal  tissue  covering  the  root  surface.  It  is  divided  into 
cell-free  (primary)  and  cell-containing  (secondary)  cementum. 


Pig.  26.  Repaired  resorption  on  the  root  surface.  Z),  dentin;  C,  original  cementum  on 
the  root  surface,  R,  line  of  resorption  in  the  dentin;  U,  newly  deposited  cementum  in  the 
resorbed  area;  PM,  fiber  bundles  of  the  periodontal  membrane;  AB,  alveolar  bone. 
Magnification  X  100. 

Its  functions  are  to  serve  as  a  place  of  attachment  for  the  fibers 
of  the  periodontal  membrane  and  to  repair  any  kind  of  damage 
to  the  root. 


Comparison  Between 

Bone. 

Bone  consists  of  a  calcified  collagenous 
matrix. 

The  inorganic  components  of  bone  are  tri¬ 
calcium  phosphate  and  small  amounts 
of  other  calcium  and  magnesium  salts. 

Bone  is  laid  down  by  the  osteoblasts  of  the 
periosteum. 


Cementum  and  Bone 

Cementum. 

Cementum  consists  of  a  calcified  collagen¬ 
ous  matrix. 

The  inorganic  components  of  cementum 
are  tricalcium  phosphate  and  small 
amounts  of  other  calcium  and  magne¬ 
sium  salts. 

Cementum  is  laid  down  by  the  cemento- 
blasts  of  the  periodontal  membrane. 
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Bone  appears  as  either  compact  or  cancel¬ 
lous  bone.  Perforating  and  Haversian 
canals  are  present. 

Bone  has  lacunae  and  canaliculi  which  con¬ 
tain  bone  cells  (osteocytes) 

New  formation  and  resorption  of  bone 
occur  normally  throughout  life.  The 
total  amount  of  bone  in  adult  life 
remains  rather  constant. 


Cementum  is  arranged  in  even  layers  par¬ 
allel  to  the  root  surface;  no  vascular 
canals  of  any  kind  are  present. 

Lacunae,  canaliculi,  and  cementum  cells  are 
present  only  in  secondary  cementum; 
the  primary  cementum  is  cell-free. 

Normally  only  new  formation  of  cementum 
takes  place;  thus,  the  total  amount  of 
cementum  increases isteadily  throughout 
life. 


LABORATORY  EXERCISES 


The  distribution  and  relative  thickness  of  primary  and  sec¬ 
ondary  cementum  can  best  be  studied  in  longitudinal  ground 
sections  through  teeth  from  different  aged  individuals.  Primary 
cementum  is  found  in  transverse  ground  sections  through  the 
cervical  portion  of  the  root  (Plate  V),  secondary  cementum  in 
transverse  sections  through  the  root  near  the  apex  (Plate  VI). 
The  variations  in  the  distribution  of  cementum  on  different  sides 
of  the  same  root  explain  why  in  many  cross-sections  both  cell- 
free  and  cell-containing  cementum  can  be  seen. 

In  primary  cementum  the  embedded  Sharpey  s  fibers  appear 
as  fine  striations  perpendicular  to  the  dentino-cemental  junction. 
In  secondary  cementum  lacunae  and  canaliculi  are  plainly  visible, 
especially  if  the  ground  section  is  stained.  Frequently  the  lacunae 
are  arranged  in  definite  rows  or  layers  parallel  to  the  surface,  and 
between  these  rows  the  lines  of  deposition  are  evidence  of  suc¬ 
cessive  stages  of  cementum  formation. 

Cementum  cells,  cementoblasts,  and  cementoid  cannot  be  seen 
in  ground  sections.  To  study  them  stained  sections  through  de¬ 
calcified  teeth  must  be  used;  then  the  cementum  cells  can  be 
seen  in  the  more  superficial  lacunae,  for  the  deeper  lacunae  are 
usually  empty.  Cementoid  appears  as  a  fine,  pale  pink  border  on 
the  cementum  surface,  and  the  cementoblasts,  as  a  layer  of  flat 

or  cuboidai  connective  tissue  cells. 

Occasionally  areas  of  resorption  are  found  on  the  root  surface; 
either  the  resorption  was  still  active,  or  the  areas  were  partly  or 
completely  repaired  by  a  deposition  of  new  cementum.  Such 
areas  of  resorption  are  evidence  of  injury  to  the  tooth,  usually  of 
excessive  masticatory  stress.  Therefore,  they  do  not,  strictly 
speaking,  belong  in  the  study  of  normal  histology ;  still  they  are 
rather  common  and  their  significance  ought  to  be  known. 


CHAPTER  V 


PULP 

Structure  of  the  Pulp.— The  dental  pulp  is  a  connective  tissue 
organ.  It  contains  a  number  of  structures  which  are  characteristic 
01  connective  tissue  in  general,  as  well  as  other  structures  es- 
peciaJly  adapted  to  its  particular  function. 


Fig.  27.  Young  human  pulp.  D,  dentin;  predentin  (dentinoid);  Od,  odontoblasts; 
ZW,  zone  of  Weil;  PC,  pulp  cells;  N,  nerve;  V,  blood-vessel  (yein).  Magnification  X  80. 


The  framework  of  the  pulp  tissue,  like  that  of  any  other  con¬ 
nective  tissue,  is  a  fine  network  of  connective  tissue  cells  (fibro¬ 
blasts)  and  their  connections  and  intercellular  fibrillce.  The  fibro¬ 
blasts,  known  as  pulp  cells,  have  a  large,  oval  nucleus  and  a  star¬ 
shaped  cytoplasm  j  the  cell  body  has  extensions  in  many  different 
directions  which,  together  with  tne  fibrous  intercellular  substance, 
constitute  the  bulk  of  the  pulp  tissue  (Fig.  27). 

Besides  the  fibroblasts,  the  pulp  tissue  contains  several  other 
cell  forms.  Near  the  blood-vessels  there  are  undifferentiated 
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mesenchymal  cells  which  resemble  the  fibroblasts;  they  are 
remnants  of  the  original  embryonic  connective  tissue  (mesen¬ 
chyme).  Then  there  are  the  wandering  cells,  small  round  cells 
resembling  lymphocytes  which  move  through  the  connective 
tissue  of  the  pulp.  Likewise  the  pulp  contains  resting  wandering 
cells  or  histiocytes.  All  these  various  cells  play  a  role  in  the  defense 
mechanism  of  the  pulp  tissue  in  case  of  injury  or<  infection. 

Embedded  in  the  pulp  cells  and  the  fibnllae  are  the  vascular 
elements  of  the  pulp.  There  is  a  rich  blood  supply  to  the  pulp  m 
young  teeth;  this  decreases  markedly,  however,  with  advancing 
age.  The  arteries  of  the  pulp,  which  are  branches  of  the  superior 
and  inferior  alveolar  arteries,  enter  through  the  apical  foramen 


Fig.  28.-Artery,  vein,  and  nerve  of  the  pulp  near  the  apex  Transverse  section  through 
the  apical  portion  of  the  root  canal  of  a  bicuspid.  A,  artery;  V,  vein;  N,  nerve  bun  e,  , 
dentin.  Magnification  X  75. 


and  usually  run  as  a  single  or  double  vessel  through  the  root  canal 
into  the  pulp  chamber  (Fig.  28).  There  they  branch  into  smaller 
arteries,  then  into  precapillaries,  and  finally  into  a  capillary  net¬ 
work  located  near  and  between  the  odontoblasts.  After  having 
supplied  the  pulp  tissue  and  the  odontoblasts  with  arterial  bloo  , 
the  capillaries  are  collected  into  veins,  which  empty  through  the 
apical  foramen  into  the  venous  plexuses  of  the  bone  marrow. 
The  walls  of  all  pulp  vessels  are  comparatively  delicate,  like  those 
of  all  vessels  that  are  well  protected  from  external  injuries  or 

compression  (Plate  VIII).  .  r  .u.. 

In  addition  to  the  venous  drainage,  lymph  is  carried  out  of  the 
pulp  through  a  system  of  lymphatics  which  dram  the  lymph  from 
the  pulp  into  the  submaxillary  and  submental  lymph  nodes  The 
lymphatics  cannot  be  seen  in  an  ordinary  section  through  t  e 


PLATE  V  1  I 


Longitudinal  Section  Through  a  Lower  Third  Molar  of  a  Young 
Adult.  The  Enamel  was  Lost  During  the  Decalcification  of  the  Speci¬ 
men. 

D,  dentin;  CEJ,  cemento-enamel  junction;  C,  primary  cementum;  SC,  secondary 
cementum;  Di,  predentin  (dentinoid);  Od,  odontoblasts;  OL,  contour  lines  of  Owen; 
PC,  pulp  cells;  A,  artery;  V,  vein,  X,  nerve;  AF,  apical  foramen.  Magnification  X  9. 
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pulp  tissue.  In  order  to  demonstrate  them  it  is  necessary  to  inject 
a  dye  into  the  pulp  tissue  and  then  by  dissection  to  follow  the 
colored  material  to  the  regional  lymph  nodes  (Fig.  29). 

The  pulp  is  innervated  by  branches  of  the  second  and  third 
division  of  the  fifth  cranial  nerve.  The  myelinated  nerves  pass 
through  the  foramen,  reach  the  pulp  chamber,  and  there  divide 
into  smaller  branches  (Fig.  30).  A  terminal  plexus  is  formed  next 
to  the  odontoblastic  layer,  after  most  of  the  nerve  hbrils  have 
lost  their  myelin  sheath.  Some  of  these  non-myelinated  nerve 
hbrils  enter  the  dentinal  tubules  together  v/ith  Tomes’  hbers  and 


Fig.  29. — Lymph  drainage  from  the  dental  pulp.  Dog’s  head  showing  lymphatics 
(dotted)  injected  from  the  pulps,  leading  to  the  lymph  nodes.  (Noyes,  Dental  Histology 
and  Embryology.) 


innervate  the  dentin.  The  pulp  nerves  are  very  sensitive  to  thermal 
stimuli  (heat  and  cold),  to  chemical  stimuli,  and  to  direct  touch. 

The  surface  of  the  pulp  is  formed  by  a  single  layer  of  tall, 
cylindrical  cells,  the  odontoblasts,  which  are  modihed  connective 
tissue  cells.  Each  odontoblast  consists  of  an  oval  nucleus  and  of 
cytoplasm,  which  has  a  long,  hne,  thread-like  extension  (Fig.  31). 
This  extension,  the  dentinal  hbril  or  Tomes’  hber,  runs  through 
the  dentinal  tubule  to  the  dentino-enamel  junction.  Adjacent  to 
the  odontoblasts  is  the  newly  formed,  not  yet  calcihed  dentinal 
matrix,  the  predentin  or  dentinoid. 

I  The  pulp  tissue  adjoining  the  odontoblastic  layer  contains 
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fewer  pulp  cells  than  the  rest  of  the  pulp.  This  cell-poor  zone  is 

called  the  zone  of  Weil  (Plate  VIII). 

The  exact  function  of  the  odontoblasts  is  still  under  discussion. 
Until  recently  it  was  generally  accepted  that  they  built  the  dentin, 
and  they  were  named  accordingly.  More  recent  investigations, 
however,  have  shown  that  the  dentin  is  not  formed  by  the  odon- 


jtjg,  30. — Nerves  in  the  pulp.  Pulp  chamber  of  an  upper  lateral  incisor.  Age,  sixteen 
years.  Numerous  nerve  bundles  run  parallel  to  the  length  of  the  pulp  chamber.  D,  dentin; 
predentin  (dentinoid);  V,  nerve  bundles;  F,  blood-vessels;  C,  small  calcified  body 

(pulp  stone).  Magnification  X  36. 


toblasts,  but  that  the  uncalcified  dentinal  matrix  is  the  result  of 
a  transformation  of  the  intercellular  fibers  of  the  pulp.  These 
merge  into  fine  bundles  called  Ix.orff  s  fibers,  which  pass 
from  the  pulp  between  the  odontoblasts  and  become  incorporated 
into  the  dentinal  matrix.  The  protoplasmic  extensions  of  the 
odontoblasts  are  thus  surrounded  by  matrix  and  become  Tomes’ 
fibers.  The  odontoblasts  apparently  have  only  a  secondary  func¬ 
tion  ;  they  do  not  build  the  dentin  but  furnish  Tomes’  fibers  and 
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perhaps  contribute  in  some  way  toward  the  deposition  of  calcium 
salts  in  the  matrix.  This  view  is  supported  by  the  common  ob¬ 
servation  that  in  older  teeth  dentin  is  formed  in  the  absence  of 
odontoblasts. 

The  shape  of  the  pulp  conforms  to  the  general  outline  of  the 
tooth,  the  pulp  horns  corresponding  to  the  cusps  of  the  crown. 
The  pulp  chamber  and  root  canals,  which  are  large  in  youth. 


Fig.  31.  Odontoblasts  and  Tomes’  fibers.  Because  of  shrinkage  of  the  pulp  tissue,  the 
odontoblasts  have  been  slightly  pulled  away  from  the  dentin  surface.  Thus,  it  is  possible 
to  see  clearly  Tomes’  fibers  as  they  pass  from  the  odontoblasts  into  the  dentinal  tubules. 
PC,  pulp  cells;  OD,  odontoblasts;  TF,  Tomes’  fibers;  D^,  predentin;  D,  dentin.  Mag¬ 
nification  X  750. 


gradually  become  smaller  with  advancing  age.  The  root  canals 
frequently  branch  at  or  near  the  apex;  thus  lateral  branches  or 
terminal  ramifications  of  the  pulp  are  found  through  which  smaller 
blood-vessels  and  nerves  of  the  pulp  are  connected  with  the  vascu¬ 
lar  and  nervous  structures  in  the  periodontal  membrane  (Fig.  32). 

Age  Changes  in  the  Pulp. — Few  other  tissues  in  the  human 
body  undergo  such  extensive  structural  and  functional  changes 
throughout  life  as  the  dental  pulp.  A  pulp  of  the  kind  illustrated 
in  Plates  VII  and  VIII,  with  typical  pulp  cells,  rich  blood  and 
nerve  supply,  and  intact  odontoblastic  layer  is  found  only  in 
teeth  that  have  been  erupted  for  a  short  time,  rarely  in  the 
teeth  of  an  adult,  and  never  in  old  teeth. 
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The  earliest  and  most  common  age  change  in  the  pulp  tissue 
is  fibrosis  of  the  pulp,  consisting  of  a  reduction  in  the  number 
of  pulp  cells,  which  are  replaced  by  fibrous  connective  tissue. 
Hand  in  hand  with  this  process  is  a  reduction  of  the  blood-vessels 
and  nerves.  The  resulting  change  is  called  pulp  atrophy  (Fig. 
33).  Pulp  atrophy  may  be  confined  to  a  small  area,  or  all  of  the 
pulp  tissue  may  be  atrophic.  The  odontoblasts,  disappear  and 
thus  terminate  the  formation  of  regular  dentin;  all  dentin  formed 


Fig.  32.— Apex  of  a  lower  incisor  of  an  adult.  D,  dentin;  C,  cementum;  AF,  apical 
foramen;  PM,  periodontal  membrane  (apical  fibers);  FV,  blood-vessels  and  nerves  of 
pulp  passing  through  the  periodontal  membrane  into  the  bone;  AB,  alveolar  bone;  FM, 
fat  marrow.  Magnification  X  45. 


after  this  is  irregular  and  with  only  a  few  tubules.  The  distribution 
and  clinical  significance  of  irregular  or  secondary  dentin  has 
already  been  discussed  in  the  chapter  on  Dentin;  here  it  is  suf¬ 
ficient  to  say  that  sclerosis  of  the  dentinal  tubules,  secondary 
dentin  formation,  and  pulp  atrophy  occur  simultaneously,  and 
that  all  three  are  responsible  for  the  decreased  vitality  and  sensi¬ 
tiveness  of  dentin  and  pulp  with  advancing  age. 

Areas  of  abnormal  calcification  are  very  frequently  found  in 
the  pulp,  more  than  90  per  cent  of  all  adult  human  pulps  having 
them.  There  are  two  ways  in  which  these  calcium  salts  may  be 
deposited  in  the  pulp :  either  in  many,  very  small  bodies  scattered 
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Pulp  of  a  Lower  Third  Molar  of  a  Young  Adult. 

D,  dentin;  Dj,  predentin  fdentinoid);  GL,  globules  of  calcification;  OD,  odontoblasts;  ZW,  zone  of 
\\  eil;  PC,  pulp  cells,  C,  capillaries;  V,  veins;  N,  nerves.  Magnification  X150. 
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unevenly  throughout  the  pulp,  or  in  a  few  large  bodies  of  irregu¬ 
lar  shape  and  structure.  The  latter  are  known  as  pulp  stones, 


Fig.  33.— Beginning  atrophy  of  the  pulp  in  an  intact  tooth  of  an  adult.  The  odonto¬ 
blastic  layer  is  incomplete;  the  pulp  tissue  is  fibrous  and  poor  in  vessels  and  nerves.  D,  den¬ 
tin;  Od,  groups  of  remaining  odontoblasts;  FP,  fibrous  pulp  tissue.  Magnification  X  80. 


Fig.  34. — Pulp  stone  (denticle).  A  small  calcific  body  of  concentric  lamellated  structure 
is  embedded  in  the  pulp  tissue.  D,  denticle;  OD,  odontoblasts  on  the  wall  of  the  pulp 
chamber.  Magnification  X  60. 

pulp  nodules,  or  denticles  (Fig.  34).  They  may  lie  free  in  the 
pulp  tissue  (free  denticles)  or  may  be  attached  to  the  pulp  wall 
(adherent  denticles).  Sometimes  they  consist  of  irregular  dentin; 


Fig.  35 


Fig.  36 

Figs.  35  and  36. — Comparison  in  size  of  the  pulps  of  two  intact  lower  first  permanent 
molars  at  different  ages. 

35_ — Age,  eight  years.  The  pulp  chamber  is  large,  and  the  pulp  tissue  is  of  the  type 
illustrated  in  Fig.  27.  Magnification  X  8. 

jtjg.  36 —Age,  fifty-five  years.  The  pulp  chamber  is  greatly  reduced  in  size,  and  pulp 
stones  (denticles)  are  present.  The  pulp  tissue  is  of  the  type  illustrated  in  Fig.  33.  Mag¬ 
nification  X  8. 
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more  often,  however,  they  are  merely  of  irregular  fibrous  structure 
and  bear  no  resemblance  to  dentin.  The  majority  of  pulp  stones 
is  so  small  that  they  are  found  only  when  the  pulp  is  sectioned 
and  examined  microscopically ;  occasionally,  though,  such  calcified 

bodies  in  the  pulp  become  so  large  that  they  can  be  seen  in  dental 
radiographs. 

Clinical  Considerations  in  Regard  to  the  Pulp.— The  pulp  is 
responsible  for  the  sensitiveness  of  the  dentin.  A  thorough  knowl¬ 
edge  of  its  anatomy  is  necessary  for  cavity  preparation ;  for  ex¬ 
ample,  in  young  teeth  the  pulp  horns  are  prominent  and  can 
easily  be  exposed,  whereas  in  older  teeth  the  pulp  is  smaller,  the 
pulp  horns  usually  filled  with  secondary  dentin,  and  both  dentin 
and  pulp  less  sensitive  (Figs.  35  and  36).  The  formation  of  sec¬ 
ondary  dentin  is  the  mechanism  by  which  the  pulp  protects  itself 

against  abrasion,  caries,  or  any  other  injury  to  the  enamel  or 
dentin. 

Also  it  is  essential  to  know  the  minute  anatomy  of  the  pulp, 
especially  in  the  apical  region,  in  order  to  remove  diseased  pulps 
and  fill  the  root  canals. 

Summary.  The  pulp  is  a  connective  tissue  organ  located  in 
the  center  of  the  tooth.  Its  functions  are  to  build  the  dentin,  to 
provide  nutrition  and  innervation  for  the  dentin,  and  to  receive 
thermal  and  other  stimuli  and  transmit  them  from  the  teeth  to 
the  central  nervous  system. 


LABORATORY  EXERCISES 

For  the  study  of  the  dental  pulp,  sections,  stained  with  hema¬ 
toxylin  and  eosin,  through  intact  decalcified  teeth  of  man  or 
mammals  are  necessary  (Plate  VII).  Preferably  both  longitudinal 
and  transverse  sections  should  be  available.  In  longitudinal  sec¬ 
tions  through  the  entire  pulp,  the  following  should  be  noted :  the 
shape  of  the  pulp  chamber  and  pulp  horns,  the  distribution  of 
the  blood-vessels  and  major  nerve  trunks,  odontoblasts,  pre¬ 
dentin,  and  dentin.  Frequently  pulp  calcifications  (pulp  stones) 
are  present. 

Then  a  portion  of  the  pulp  next  to  the  dentin  should  be  studied 
under  higher  magnification  (Plate  VIII) .  The  pulp  cells  and  their 
extensions  and  numerous  small  blood-vessels  (capillaries)  be¬ 
tween  the  pulp  cells  can  be  distinguished.  Of  the  larger  vessels. 
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those  with  a  relatively  wide  lumen  and  very  thin  walls  are  veins, 
and  those  with  a  much  heavier  wall  encircled  by  muscular  tissue 
are  arteries.  In  any  given  field  there  are  many  more  veins  than 
arteries.  Distinction  between  arteries,  veins,  and  capillaries  can 
best  be  made  on  a  transverse  section  through  the  pulp  chamber 
or  root  canal  of  a  young  tooth.  The  lymphatics  of  the  pulp  cannot 
be  seen  in  the  ordinary  tissue  section,  since  they  are  extremely 
delicate  and  collapse  as  soon  as  life  has  ceased  in  the  pulp  tissue. 
The  zone  of  Weil  can  usually  be  recognized  as  a  light,  compara¬ 
tively  structureless  zone  in  the  periphery  of  the  pulp,  near  the 
odontoblasts. 

Pulp  nerves  appear  as  bundles  of  solid  fibrils  (nerve  fibrils) 
and  in  this  way  can  be  distinguished  from  the  blood-vessels. 
Human  teeth  contain  many  more  nerves  than  animals’  teeth,  and 
therefore,  if  possible,  sections  through  human  pulps  should  be 
used  for  this  study.  The  largest  nerve  bundles  are  of  course  found 
in  cross-sections  through  the  root  canal  where  branching  has  not 

yet  taken  place. 

Although  there  is  actually  only  a  single  row  of  odontoblasts 
around  the  pulp,  there  usually  appear  to  be  several  rows  (Plate 
VIII).  This  is  due  to  the  fact  that  the  sections  are  thicker  than  a 
single  odontoblast,  and  therefore  several  layers  of  odontoblasts 
can  be  seen  in  each  section.  The  nuclei  are  plainly  visible.  Oc¬ 
casionally,  in  good  preparations.  Tomes’  fibers  can  be  seen  ex¬ 
tending  from  the  odontoblasts  into  the  dentinal  tubules,  and  if 
during  the  preparation  of  the  section  the  odontoblasts  have  been 
pulled  away  from  the  predentin.  Tomes’  fibers  will  be  stretched 
across  the  resulting  gap.  Korff’s  fibers  cannot  be  seen  in  speci¬ 
mens  that  are  stained  with  hematoxylin  and  eosin ;  special  stain¬ 
ing  methods  are  necessary  to  show  them. 

The  odontoblastic  layer  is  frequently  incomplete,  portions  of 
the  pulp  being  without  any.  This  is  an  indication  of  pulp  atrophy. 
If  pulp  calcifications  are  present,  it  should  be  noted  whether  they 
are  lying  free  in  the  pulp  tissue  or  attached  to  the  walls  of  the 

pulp  chamber. 


CHAPTER  VI 


PERIODONTAL  MEMBRANE 

The  periodontal  membrane  is  a  connective  tissue  structure 
which  occupies  the  space  between  the  root  surface  and  the  bone 
(Plate  IX).  It  consists  of  bundles  of  white  connective  tissue  fibers, 
the  principal  fibers,  which  connect  the  tooth  with  the  bone,  and 

several  other  structures  located  mainly  in  the  loose  connective 
tissue,  the  indefinite  fibers. 

The  Principal  Fibers  of  the  Periodontal  Membrane.— The 

principal  fiber  bundles  of  the  periodontal  membrane  are  strong 
fiber  bundles  one  end  of  which  is  embedded  in  the  cementum  and 
the  other  m  the  bone  of  the  alveolus.  The  embedded  portion  is 
known  as  Sharpey’s  fibers.  The  principal  fibers  are  classified  and 
named  according  to  their  course;  they  will  be  considered  in  order 
from  the  alveolar  crest  toward  the  apex. 

Free  Gingival  Fibers. — The  free  gingival  fibers  are  a  delicate, 
rather  variable  group  of  fibers  which  extend  from  the  cementum 
near  the  cemento-enamel  junction  and  from  the  crest  of  the 
alveolar  bone  into  the  gingival  tissue.  Thus,  they  form  a  part  of 
the  fibrous  lamina  propria  of  the  gingival  mucosa,  which  attaches 
the  mucosa  firmly  to  the  outer  surface  of  the  alveolar  process, 
to  the  bone  crest,  and  to  the  cervical  portion  of  the  root.  Efow- 
ever,  they  do  not  constitute  a  part  of  the  actual  fibrous  connection 
between  tooth  and  bone  (Plate  X,  E). 

Alveolar  Crest  Fibers. — The  alveolar  crest  fibers  are  strong 
fiber  bundles  extending  fan-like  from  the  bone  crest  and  obliquely 
crownward  toward  the  cervical  portion  of  the  cementum.  The 
most  superficial  bundles  of  them  are  usually  a  direct  continuation 
of  the  periosteum  covering  the  outer  surfaces  of  the  alveolar 
process  (Eig.  37  and  Plate  X,  AC). 

The  alveolar  crest  fibers  are  strongest  and  most  numerous  on 
the  labial  and  lingual  sides  of  teeth;  there  are  fewer  toward  the 
approximal  sides,  and  between  adjacent  teeth  there  are  none, 
their  place  being  taken  by  the  transeptal  fibers.  If,  however,  a 
tooth  has  no  teeth  next  to  it,  usually  there  are  alveolar  crest 
fibers  around  the  entire  circumference  of  the  root. 
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Transeptal  Fibers.  ^The  transeptal  fibers  are  found  only  in 
the  area  between  two  adjacent  teeth.  They  consist  of  strong  fiber 
bundles  running  from  the  cementum  of  one  tooth  to  the  cementum 
of  the  other  and  passing  across  the  crest  of  the  interdental  bone 
septum  (Fig.  38).  Rootward  of  the  transeptal  fibers  the  horizontal 
fibers  run  from  the  bone  crest  to  the  cementum;  crownward  the 


Fig.  37.  Alveolar  crest  libers  and  horizontal  libers  of  the  periodontal  membrane. 
Lingual  side  of  upper  second  bicuspid;  age,  nineteen  years.  Silver  stain.  The  alveolar  crest 
fibers  and  the  horizontal  fibers  radiate  from  the  bone  crest  to  the  cervical  portion  of  the 
cementum.  AB,  alveolar  bone;  AC,  alveolar  crest  fibers;  H,  horizontal  fibers;  OF,  oblique 
fibers;  C,  cementum;  D,  dentin.  Magnification  X  40. 

free  gingival  fibers  are  attached  to  the  cementum  surface  and 
form  part  of  the  foundation  of  the  interdental  papilla. 

Horizontal  Fibers.  The  horizontal  fibers  are  found  all  around 
the  tooth  at  the  level  of  the  alveolar  bone  crest.  They  run  hori¬ 
zontally  from  the  bone  to  the  cementum  (Fig.  37  and  Plate  X,  H). 
Formerly  the  horizontal  and  alveolar  crest  fibers  were  described 
as  the  circular  ligament  of  the  tooth;  this  term  is  no  longer  used. 

The  function  of  the  alveolar  crest  fibers,  transeptal  fibers,  and 


PLATE  I  X 


Buccolingual  Section  Through  the  Mandible  and  Lower  First  Per¬ 
manent  Mokr  of  a  Young  Dog.  The  Enamel  of  the  Tooth  was  Lost 
During  the  Decalcification  of  the  Specimen. 

P,  pulp;  Od,  odontoblasts;  D,  dentin;  CEJ,  cemento-enamel  junction;  EA,  epithelial 
attachment  to  the  enamel;  AC,  alveolar  crest  fibers;  H,  horizontal  fibers;  OF,  ol^lique 
fibers;  AF,  apical  fibers  of  the  periodontal  membrane;  AB,  alveolar  bone;  MS,  marrovv- 
spaces;  MC,  mandibular  canal  containing  A,  arter}^  \g  vein,  X,  nerve,  and  EE  fat 
tissue.  Magnification  XI 5.  ’  ’ 
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horizontal  fibers  can  be  discussed  together,  since  these  three  fiber 
groups  are  only  different  units  in  one  system  of  fibers.  Their 
function  is  to  keep  the  tooth  from  being  displaced  laterally.  If, 
for  instance,  a  force  is  exerted  upon  the  crown  which  would  push 


Fig.  38.  Transeptal  fibers.  Interdental  tissues  between  an  upper  lateral  incisor  and  a 
cuspid;  age,  twenty-four  years.  The  transeptal  fibers  extend  from  the  cementum  of  one 
tooth  to  the  cementum  of  the  adjacent  tooth.  IP,  interdental  papilla;  R,  space  formerly 
occupied  by  the  enamel;  EA,  epithelial  attachment;  CEJ,  cemento-enamel  junction;  TS, 
transeptal  fibers;  AB,  alveolar  bone;  OF,  oblique  fibers  of  periodontal  membrane.  Mag¬ 
nification  X  32. 


it  lingually,  the  alveolar  crest  fibers  and  horizontal  fibers  on  the 
labial  side  of  the  root  at  once  become  taut  and  tend  to  prevent 
lingual  displacement.  In  addition  to  the  tightening  of  the  fibers 

on  the  labial  side,  there  will  also  be  an  equal  amount  of 
5 


com- 
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pression  of  the  corresponding  fibers  on  the  lingual  side,  as  soon  as 
the  displacing  force  subsides,  however,  these  compressed  fibers 
will  assume  their  original  length  and  thus  help  to  right  the  tooth. 

The  transeptal  hbers  also  assist  in  maintaining  the  normal 
mesio-distal  distance  between  all  adjacent  teeth.  Any  forces  that 


■pjQ^  39 — Oblique  fibers  of  the  periodontal  membrane.  Labial  side  of  upper  cuspid;  age, 
forty-seven  years.  Bundles  of  oblique  fibers  alternate  with  spaces  containing  loose  con¬ 
nective  tissue  (indefinite  fibers),  vessels,  and  nerves.  The  thickness  of  this  periodontal 
membrane  is  0.26  mm.  C,  cementum;  FB,  oblique  fiber  bundles;  AB,  alveolar  bone,  , 
vein,  artery,  and  nerve  in  the  indefinite  fibers.  Magnification  X  100. 

tend  to  separate  the  teeth,  such  as  wedging  forces  during  masti¬ 
cation  or  the  insertion  of  any  foreign  object  between  them,  will 
cause  the  transeptal  fibers  to  become  taut;  as  soon  as  the  force 
subsides  these  hbers  will  relax,  and  the  normal  distance  between 
the  teeth  will  be  restored. 

Oblique  Fibers.— oblique  hbers  are  the  largest  and  most 
important  hber  group  of  the  periodontal  membrane.  They  are 
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found  over  all  of  the  root  surface  except  for  the  apex  and  cervical 
portion.  They  run  at  an  angle  of  approximately  45  degrees  from  a 
more  cervical  attachment  on  the  bone  to  a  more  apical  attach¬ 
ment  on  the  cementum  (Fig.  39).  Thus  the  tooth  is  actually 
suspended  in  its  socket. 

The  oblique  libers  carry  the  main  load  of  masticatory  pressure. 
Because  of  their  arrangement  they  transmit  to  the  bone  the 


Fig.  40.  ^Apical  fibers  of  the  periodontal  membrane.  Apex  of  a  lower  cuspid.  D,  dentin; 
C,  cementum,  AF,  apical  foramen;  F,  apical  fibers;  AB,  alveolar  bone;  FAf,  fat  marrow; 
Magnification  X  30. 

vertical  force  exerted  upon  the  teeth  not  as  pressure  but  as  pull. 
This  is  a  very  favorable  arrangement,  since  bone  is  much  better 
adapted  to  tolerate  pull  than  pressure. 

Apical  Fibers. — The  apical  libers  are  a  variable  liber  group 
running  from  the  apex  to  the  fundus  of  the  alveolus  (Fig.  40). 
They  can  be  loosely  divided  into  vertical  apical  libers,  which  run 
vertically  from  the  very  tip  of  the  root  to  the  bone,  and  horizontal 
apical  libers,  which  are  on  the  sides  of  the  apex  and  form  the 
transition  between  the  vertical  libers  and  the  oblique  libers.  At 
the  apical  foramen  proper  there  are,  of  course,  no  periodontal 
membrane  libers. 

■  The  apical  libers  stabilize  the  apex  of  the  root.  They  prevent 
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excursions  of  the  apex  when  lateral  pressure  is  exerted  upon  the 
crown  and  thus  protect  the  delicate  bundles  of  blood-vessels  and 
nerves  passing  through  the  apical  foramen. 

Structure  and  Function  of  the  Principal  Fibers  of  the  Perio¬ 
dontal  Membrane. — All  the  above-mentioned  hber  groups  of 
the  periodontal  membrane  consist  of  bundles  of  collagenous  con¬ 
nective  tissue  the  ends  of  which,  Sharpey’s  fibers,  are  embedded 


Pjq  4P — Distribution  of  force  over  the  different  groups  of  fibers  in  case  of  vertical 
(axial)  occlusal  stress.  Lower  bicuspid  with  considerable  occlusal  wear.  The  arrow  indicates 
the  direction  of  force.  All  the  oblique  fibers  are  under  uniform  strain;  only  the  alveolar 

crest  fibers  and  some  of  the  apical  fibers  are  relaxed. 

Fig.  42. — Distribution  of  force  over  the  different  groups  of  fibers  in  case  of  horizontal 
(lateral)  occlusal  stress.  Buccolingual  section  through  a  lower  bicuspid.  The  arrow  indi¬ 
cates  the  direction  of  force.  The  crown  is  displaced  toward  the  lingual  (left)  side,  whereas 
the  apex  moves  in  the  opposite  direction.  The  fulcrum  of  the  tipped  tooth  is  located  at 
about  the  middle  of  the  root  at  X.  The  stretched  fiber  groups  only  are  indicated  by  heavy 
lines;  the  relaxed  fibers  are  not  included  in  the  diagram.  About  one-half  of  the  oblique 
fibers  on  both  sides  of  the  root  is  subjected  to  a  heavy  strain;  the  other  half  is  relaxed  or 

compressed. 

-A 

in  ccmentum  or  bone.  The  size  of  the  individual  fiber  bundles 
depends  upon  their  location  and  function.  The  principal  fibers 
of  the  periodontal  membrane  are  not  elastic;  rather  their  capa¬ 
bility  of  stretching  is  due  to  the  fact  that  there  is  a  slight  wave  in 
them  when  they  are  relaxed,  which  is  stretched  out  straight  under 
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tension.  This  difference  between  the  wavy  course  of  relaxed  fibers 
and  the  straight  course  of  taut  ones  accounts  for  the  slight 
physiological  motility  of  the  teeth. 

The  distribution  of  forces  over  the  various  groups  of  principal 
fibers  is  illustrated  in  two  diagrams.  In  vertical  occlusal  stress 
the  tooth  is  pressed  into  its  socket  parallel  to  the  long  axis  (Fig. 
41).  All  of  the  stress  is  taken  up  by  the  oblique  fibers,  which  be¬ 
come  taut.  A  great  deal  of  resistance  is  thus  offered  to  this  kind 
of  force,  and  the  actual  resulting  intrusion  of  the  tooth  into  its 
socket  is  slight. 

In  horizontal  (lateral)  occlusal  stress  the  tooth  is  tipped,  and 
the  fulcrum  is  located  near  the  middle  of  the  root,  somewhat 
nearer  to  the  apex  than  to  the  alveolar  crest  (Fig.  42).  As  a  result, 
the  apex  deviates  in  the  opposite  direction  from  the  crown.  The 
fibers  of  the  periodontal  membrane  become  taut  on  one  side  of 
the  root  and  compressed  on  the  opposite  side;  the  distribution 
of  tension  and  relaxation  is  the  opposite  on  the  cervical  and 
apical  portions  of  the  root.  All  this  can  best  be  understood  by 
studying  Fig.  42. 

Indefinite  Fibers  of  the  Periodontal  Membrane. — The  indef¬ 
inite  fibers  of  the  periodontal  membrane  are  the  loose  connec¬ 
tive  tissue  occupying  the  spaces  between  the  principal  fiber 
bundles.  They  act  as  a  support  for  the  vessels  and  nerves  of  the 
periodontal  membrane.  Their  distribution  varies  widely  on  differ¬ 
ent  teeth.  On  some  teeth  most  of  the  periodontal  membrane 
consists  of  principal  fibers,  and  the  indefinite  fibers  are  found 
only  in  the  narrow  slits  between  the  fiber  bundles;  however,  on 
teeth  with  poorly  developed  principal  fibers  most  of  the  perio¬ 
dontal  membrane  may  consist  of  indefinite  fibers. 

Blood  and  Nerve  Supply  of  the  Periodontal  Membrane. — The 
arteries,  capillaries,  and  veins  of  the  periodontal  membrane 
are  branches  of  the  superior  and  inferior  alveolar  artery  and 
vein.  They  enter  the  periodontal  membrane  in  three  different 
ways.  Some  accompany  the  vessels  and  nerves  destined  for  the 
pulp;  the  latter  enter  the  apical  foramen,  whereas  those  for  the 
periodontal  membrane  run  crownward  along  the  outer  surface  of 
the  tooth.  Other  vessels  reach  the  periodontal  membrane  from 
the  vascular  system  of  the  bone  on  the  sides  of  the  alveolus;  they 
pass  from  the  marrow  spaces  into  the  periodontal  membrane 
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through  openings  in  the  bone  plate  of  the  alveolus  proper.  A 
third  source  of  blood  supply  is  the  deeper  branches  of  the  gingival 
vessels  which  anastomose  with  the  periodontal  membrane  vessels 
at  the  alveolar  crest.  Within  the  periodontal  membrane  most  of 
the  vessels  are  located  in  the  indefinite  fibers. 

The  lymphatics  of  the  periodontal  membrane  empty  into  the 
submaxillary,  submental,  and  retroauricular  lymph  nodes.  The 
nerves  of  the  periodontal  membrane  are  sensory  nerves,  branching 
from  the  second  and  third  divisions  of  the  fifth  cranial  nerve. 
Their  function  is  to  regulate  masticatory  pressure.  Whenever 
the  pressure  exerted  upon  the  teeth  is  excessive,  the  nerves  re¬ 
spond  and  transmit  the  sensation  of  pain  to  the  brain.  This  is 
also  true  of  pain  originating  from  pathological  processes  in  the 
periodontal  membrane. 

Epithelial  Rests  of  Malassez.— The  epithelial  rests  of  the 
periodontal  membrane  are  small  groups  of  squamous  epithelial 
cells  scattered  through  the  entire  periodontal  membrane.  They  are 
located  near  the  cementum  surface,  both  in  the  principal  and 
indefinite  fibers  (Fig.  43).  They  are  named  after  their  discoverer, 

the  French  physiologist  Malassez. 

The  epithelial  rests  are  remnants  of  Hertwig’s  sheath,  an 
epithelial  organ  that  plays  an  important  role  in  tooth  formation. 
During  the  growth  of  the  root,  groups  of  epithelial  cells  are  de¬ 
tached  from  Hertwig’s  sheath  and  become  embedded  in  the 
periodontal  tissues.  Under  normal  conditions  they  have  no  known 
function;  under  pathological  conditions,  however,  they  produce 
the  epithelial  masses  in  granulomas  and  root  cysts. 

Functional  Adaptation  of  the  Periodontal  Membrane. — Under 
various  functional  conditions  the  periodontal  membrane  changes 
structurally  more  often  than  any  other  dental  structure.  In 
human  mouths  with  a  complete  or  nearly  complete  set  of  teeth 
and  good  masticatory  function,  the  periodontal  membrane  is 
well  developed  with  clearly  defined  principal  fiber  bundles.  Its 

thickness  averages  from  0.22  to  0.25  mm. 

If  the  function  of  a  tooth  is  increased  the  periodontal  membrane 
usually  becomes  reenforced  by  the  development  of  additional  fiber 
bundles;  at  the  same  time  it  becomes  somewhat  thicker,  averaging 
from  0.25  to  0.32  mm.  Tack  of  function,  on  the  other  hand, 
results  in  a  gradual  replacement  of  the  principal  fiber  bundles  by 
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loose  connective  tissue  (indefinite  fibers)  and  in  a  reduction  in 
the  thickness  of  the  periodontal  membrane,  the  measurements 
ranging  from  0.20  or  0.18  down  to  0.10  or  0.08  mm.  in  case  of  em¬ 
bedded  teeth  that  receive  no  functional  stimuli. 


Fig.  43. — Epithelial  rests  of  Malassez  in  the  periodontal  membrane.  C,  cementum;  CB, 
cementoblasts;  ER,  epithelial  rests;  OF,  oblique  fibers;  V,  blood-vessels  and  indefinite- 
fibers  of  the  periodontal  membrane;  AB,  alveolar  bone.  Magnification  X  250. 

Summary. — The  periodontal  membrane  is  a  fibrous  connective 
tissue  structure  joining  the  root  to  the  bone.  Its  function  is  to 
hold  the  tooth  in  its  alveolus  and  to  act  as  a  cushion  which  takes 
up  pressure  and  transmits  it  to  the  bone  as  pull.  Also  the  perio¬ 
dontal  membrane  controls,  by  means  of  its  nerve  supply,  the  di¬ 
rection  and  intensity  of  masticatory  pressure  as  well  as  righting 
the  teeth  after  artificial  separation  or  displacement. 
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LABORATORY  EXERCISES 

For  the  study  of  the  periodontal  membrane  histological  sections 
through  decalcified  jaws  of  man  or  animals  should  be  used. 
Human  material  is  most  advantageous;  however,  the  periodontal 
membrane  in  many  mammals  is  quite  similar  to  that  in  man, 
especially  that  of  dog,  cat,  monkey,  or  sheep.  When  sections 
through  the  jaws  of  sheep  are  used,  one  must  realize  that  the 
epithelial  rests  are  much  more  strongly  developed  in  this  animal 
than  in  man,  monkey,  or  dog;  frequently  long  strands  of  epi¬ 
thelial  cells  are  found  which  resemble  glands,  an  appearance  that 
is  hardly  ever  observed  in  human  sections. 

The  study  material  should  include  sections  cut  parallel  and 
sections  cut  at  right  angles  to  the  root  canal.  Connective  tissue 
stains,  such  as  Mallory,  van  Gieson,  or  Bielschowsky’s  silver 
stain,  are  best  for  showing  the  course  and  distribution  of  the 
fibers,  but  an  ordinary,  good  hematoxylin  and  eosin  stain  is  also 
very  satisfactory  and  has  the  additional  advantage  that  the  other 
structures  of  the  periodontal  membrane  are  stained  very  well. 

The  first  step  is  to  draw  correctly  the  shape  of  the  entire  tooth, 
the  thickness  of  the  periodontal  membrane,  the  distribution  of 
the  alveolar  bone,  and  the  correct  location  of  the  gingival  tissues 
(Plate  IX).  On  the  root  surface  the  cementum  must  be  properly 
identified.  Note  that  the  cementum  is  very  thin  in  dogs’  teeth, 
except  at  the  apex,  somewhat  thicker  in  man  and  monkey,  and 
much  thicker  in  sheep. 

After  this  outline  of  the  structure  has  been  drawn,  the  fiber 
bundles  of  the  periodontal  membrane  should  be  identified  and 
their  courses  noted.  The  free  gingival  fibers  are  very  closely 
blended  with  the  lamina  propria  of  the  gingiva,  but  the  alveolar 
crest  fibers  can  usually  be  found  without  difiiculty.  Horizontal 
fiber  bundles  are  inconstant,  being  well  developed  in  some  teeth 
and  absent  in  others.  Transeptal  fibers  can,  of  course,  be  seen 
only  in  sections  through  two  adjacent  teeth.  The  oblique  fibers 
are  alongisde  the  entire  root;  they  are  usually  more  evenly  de¬ 
veloped  in  animals’  teeth,  such  as  the  dogs’,  than  in  human 
teeth.  The  apical  fibers  are  variable,  clearly  visible  in  some 
sections  but  only  poorly  developed  or  lacking  in  others. 

The  major  blood-vessels  of  the  periodontal  membrane  can  be 
seen  under  low  magnification,  especially  in  the  apical  region.  For 
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the  study  of  the  epithelial  rests  and  other  smaller  structures, 
higher  magnifications  are  necessary.  In  human  and  dogs’  teeth 
the  epithelial  rests  are  small  clusters  of  cells  located  near  the 
cementum  surface  within  the  fiber  bundles  as  well  as  in  the  in¬ 
definite  fibers.  In  cross-sections  the  nerves  of  the  periodontal 
membrane  are  usually  seen  within  the  indefinite  fibers;  small 
blood-vessels  (capillaries)  are  found  within  both  the  fiber  bundles 
and  the  indefinite  fibers. 

On  the  surfaces  of  the  hard  tissues  bordering  the  periodontal 
membrane — cementum  and  bone — a  number  of  structures  can 
be  distinguished  in  good  preparations.  In  young  human  or  animal 
teeth  the  surface  of  the  cementum  is  usually  covered  by  a  single 
layer  of  flat  or  cuboidal  cells,  the  cementoblasts,  which  lay  down 
new  layers  of  cementum;  and  beneath  the  cementoblasts  is  a  very 
thin,  light  zone  of  newly  formed,  yet  uncalcified  cementum  matrix 
(see  Fig.  22,  page  48). 

Usually  on  the  bone  surface  there  are  certain  changes  visible 
which  are  indicative  of  movement  of  the  tooth.  Rarely  are  teeth 
absolutely  stationary  in  their  sockets;  usually  they  drift  or  move 
slowly  in  one  direction  or  the  other,  sometimes  as  the  result  of 
growth  changes  in  the  jaws,  sometimes  as  the  result  of  abnormal 
influences,  ‘such  as  loss  of  other  teeth  or  faulty  occlusion.  Such 
movements  are  possible  only  because  of  certain  changes  in  the 
bone,  which  will  be  discussed  more  in  detail  in  the  chapter  on 
Bone.  Here  it  is  sufficient  to  say  that  there  will  be  osteoclasts  and 
Howship’s  lacunae  on  the  bony  wall  of  the  socket  toward  which 
the  tooth  is  moving,  and  osteoblasts,  newly  formed  bone  matrix, 
and  bone  on  the  opposite  side.  If  sections  through  multi-rooted 
teeth  are  studied,  analogous  changes  may  be  seen  in  the  bone 
septa  between  the  roots. 
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GINGIVAL  TISSUES 

The  gingiva  is  that  portion  of  the  oral  mucous  membrane  which 
covers  the  labial  surface  of  the  alveolus  and  is  attached  to  the 
tooth  at  the  point  where  the  latter  projects  into  the  oral  cavity. 
It  consists  of  a  layer  of  hrmly  interwoven  connective  tissue  fibers, 
the  lamina  propria  gingivae,  and  a  covering  of  stratified  squamous 
epithelium,  which  is  derived  from  the  ectodermal  lining  of  the 
stomodeum. 

Structure  of  the  Gingiva. — In  contrast  to  the  rest  of  the  oral 
mucosa,  the  gingiva  has  no  submucosa  but  is  firmly  and  im¬ 
movably  attached  to  the  underlying  periosteum  of  the  alveolar 
bone  and  to  the  tooth  surface.  On  its  under  surface  the  squamous 
epithelium  of  the  gingiva  has  numerous,  long  finger-like  extensions 
which  protrude  between  the  high  papillae  of  the  lamina  propria. 
The  outer  surface  is  covered  by  a  hornified  layer  of  variable  de¬ 
velopment.  It  is  present  in  some  human  specimens  and  absent  in 
others;  in  dogs  it  is  poorly  developed,  whereas  in  sheep  the  horny 
surface  layer  is  very  prominent.  Its  function  is  a  protective  one, 
inasmuch  as  it  guards  the  more  delicate  deeper  layers  of  epithelial 
cells  against  mechanical  injuries  during  mastication  and  against 
the  invasion  of  bacteria. 

The  correct  meaning  of  the  following  terms  should  be  known 
by  every  dentist;  gingival  margin,  gingival  crevice,  free  gingiva, 
bottom  of  gingival  crevice,  and  epithelial  attachment.  Each  term 
will  be  defined  separately,  and  in  studying  them  it  will  be  neces¬ 
sary  to  refer  constantly  to  Plate  X. 

L  Gingival  Margin, — The  gingival  margin  is  the  border  of  the 
gingiva.  Clinically  it  is  the  arched  line  seen  in  every  mouth  with 
normal  teeth  along  which  the  gingivae  end  and  the  teeth  become 
visible.  Histologically  it  is  the  dividing  line  between  the  mucous 
membrane  covering  the  outside  of  the  alveolar  process  and  the 
mucous  membrane  lining  the  gingival  crevice  (Plate  X,  GM). 

2.  Gingival  Crevice. — The  gingival  crevice  is  the  capillary  space 
between  the  free  gingiva  and  the  tooth  surface  (Plate  X,  GC). 
Clinically,  it  may  be  demonstrated  thus:  If  a  fine,  rounded  instru- 
(74) 


STRUCTURE  OF  THE  GINGIVA 


75 


ment  (explorer)  is  passed  slowly  upward  along  the  labial  surface 
of  an  upper  central  incisor,  it  will  reach  the  gingiva.  Then  the 
instrument  is  at  the  gingival  margin.  If  it  is  then  pushed  further 
upward  it  will  usually  disappear  behind  the  free  gingiva;  it  can 
then  be  moved  for  an  additional  short  distance  before  it  meets 
resistance.  The  invisible  part  of  the  instrument  is  located  in  the 


Fig.  44. — Photomicrograph  of  the  same  specimen  from  which  Plate  X  was  drawn.  For 
description  of  structures  see  Plate  X.  Magnihcation  X  36. 

gingival  crevice;  in  front  of  it  and  covering  it  is  the  free  gingiva. 
If  the  depth  of  the  gingival  crevice  is  zero,  the  instrument  will 
meet  resistance  as  soon  as  it  reaches  the  gingival  margin ;  in  such 
cases  no  free  gingiva,  properly  speaking,  is  present. 

3.  Free  Gingiva. — From  the  foregoing  it  is  evident  that  the 
free  gingiva  must  be  defined  as  the  circular  strip  of  gingival  tissue 
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bordering  and  forming  the  gingival  crevice  (Plate  X,  FG).  Its 
width  is  identical  with  the  depth  of  the  gingival  crevice;  hence  if 
there  is  no  gingival  crevice,  likewise  there  is  no  free  gingiva. 
The  absence  of  free  gingiva  is  observed  under  normal  as  well  as 
abnormal  conditions;  this  will  be  discussed  later  in  this  chapter. 

4.  Bottom  of  the  Gingival  Crevice. — The  bottom  of  the  gingival 
crevice  is  the  circular  line  along  which  the  gingivg.1  tissues  are 
attached  to  the  tooth  surface.  It  may  also  be  dehned  as  the  divid¬ 
ing  line  between  gingival  crevice  and  epithelial  attachment.  If  the 
bottom  of  the  gingival  crevice  were  traced  upon  the  tooth  surface 
in  its  entire  circumference,  it  would  be  found  to  be  rather  ir¬ 
regular.  Around  the  teeth  of  the  young  the  bottom  of  the  gingival 
crevice  will  normally  be  found  on  the  enamel  (Fig.  45);  in  adults 
it  will  usually  have  passed  beyond  the  cemento-enamel  junction 
onto  the  root,  and  in  old  people  all  of  it  will  be  on  the  cementum 
surface. 

Clinically  the  bottom  of  the  gingival  crevice  is  very  important. 
All  of  the  tooth  surface  crownward  from  this  point  is  accessible 
to  oral  fluids,  bacteria,  and  other  influences  and  can,  therefore,  be 
affected  by  dental  decay  or  covered  by  deposits  of  stain  or  calculus 
The  portion  of  the  tooth  surface  rootwise  from  the  bottom  of  the 
gingival  crevice,  on  the  other  hand,  is  still  connected  with  the 
other  tissues  of  the  body  and  can,  therefore,  not  be  reached  or 
influenced  by  agents  acting  within  the  oral  cavity. 

5.  Epithelial  Attachment. — The  epithelial  attachment  is  that 
part  of  the  gingival  epithelium  that  is  attached  to  the  tooth  sur¬ 
face.  Histologically  it  is  characterized  by  the  absence  of  papillae. 
In  young  teeth  it  extends  from  the  bottom  of  the  gingival  crevice 
along  the  cervical  portion  of  the  enamel  to  the  cemento-enamel 
junction  (Plate  X,  EA) ;  with  advancing  age  it  moves  rootwise 
until  in  old  age,  in  man  as  well  as  many  animals,  all  of  it  is  located 
on  the  cementum. 

At  the  bottom  of  the  gingival  crevice  the  enamel  cuticle  is 
attached  to  the  tooth  surface  and  extends  from  there  crownward. 
In  decalcified  specimens  in  which  the  enamel  has  been  lost,  the 
cuticle  is  frequently  preserved  and  can  be  seen  as  a  fine  thread 
(Plate  X,  Cu).  The  location  of  this  thread  is  helpful  in  deter¬ 
mining  the  dividing  line  between  epithelial  attachment  and 
crevice  epithelium. 

Conditions  analogous  to  those  on  the  labial  and  lingual  sides 
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of  the  teeth  are  also  found  in  the  interdental  tissues.  In  young 
teeth  the  interdental  papilla  is  united  to  the  enamel  of  both 
adjacent  teeth  by  an  epithelial  attachment  (Fig.  46).  With  ad- 


FiCc.  45. — Epithelial  attachment  and  gingival  crevice  of  a  young  human  tooth.  Lingual 
side  of  upper  deciduous  cuspid;  age,  two  years.  The  outline  of  the  enamel,  which  was  lost 
by  decalcification  of  the  specimen,  is  indicated  by  a  black  line.  The  epithelium  is  attached 
to  the  cervical  portion  of  the  enamel.  The  depth  of  the  gingival  crevice  is  0.4  mm.  Z),  den¬ 
tin;  E,  enamel;  CEJ,  cemento-enamel  junction;  EA,  epithelial  attachment  to  the  enamel; 
BC,  bottom  of  gingival  crevice;  OE,  oral  epithelium;  AB,  alveolar  bone.  Magnification 
X  36. 

vancing  age  this  epithelial  attachment  moves  apically,  so  that  in 
adults  the  interdental  papilla  is  usually  attached  to  the  cementum. 

The  epithelium  is  attached  to  the  enamel  in  the  following 
manner:  The  cuticle  on  the  enamel  surface  is  not  only  continuous 
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with  the  enamel  lamellae  and-  the  interprismatic  substance  but 
also  is  connected  with  and  a  product  of  the  enamel  epithelium. 
Since  the  epithelial  attachment  to  the  enamel  is  identical  with 


Fig.  46. — Interdental  papilla  and  bone  between  two  lower  bicuspids  of  a  child  aged 
fourteen  years.  This  photomicrograph  shows  the  topographic  relationship  between  inter¬ 
dental  papilla,  epithelial  attachment  to  the  enamel  of  both  bicuspids,  transeptal  fibers, 
interdental  bone,  and  periodontal  membrane.  IP,  interdental  papilla;  E,  E,  space  formerly 
occupied  by  the  enamel;  EA,  epithelial  attachment  to  the  enamel;  Cii,  enamel  cuticle; 
BC,  bottom  of  gingival  crevice;  CEJ,  cemento-enamel  junction;  TS,  transeptal  fibers; 
AB,  alveolar  bone;  PM,  periodontal  membrane.  Magnification  X  24. 

the  enamel  epithelium,  the  cuticle  forms  the  connecting  link  be¬ 
tween  the  enamel  and  the  cells  of  the  epithelial  attachment. 

Clinical  Considerations  in  Regard  to  the  Gingival  Tissues.— 
Depth  of  the  Gingival  Crevice.— Tht  depth  of  the  gingival  crevice 
varies  in  man  from  zero  to  several  millimeters.  It  is  subject  to 
considerable  individual  variation  and  is  rarely  uniform  around 
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any  single  tooth.  It  is  important  to  know  that  the  shallower  the 
crevice  the  less  likely  it  is  to  harbor  bacteria  and  debris  and  thus 
to  become  diseased.  The  ideal  of  oral  hygiene  must,  therefore,  be 
io  have  crevices  of  no  depth  or  at  least  very  shallow.  This  can  be 


Fig.  47. — Epithelial  attachment  and  gingival  crevice  of  an  adult  human  tooth.  Lingual 
side  of  a  lower  bicuspid;  age,  fifty- two  years.  The  bottom  of  the  gingival  crevice  is  located 
on  the  root  surface.  D,  dentin;  C,  cementum;  EA,  epithelial  attachment  to  the  cem.entum; 
OE,  oral  epithelium;  AC,  alveolar  crest  fibers;  PM,  periodontal  membrane;  AB,  alveolar 
bone.  Magnification  X  55. 


attempted  and  also  attained  by  good  oral  care,  proper  brushing 
of  the  teeth,  and  avoidance  of  gingival  irritation. 

Gingival  Recession. — In  young  teeth  the  bottom  of  the  gingival 
crevice  is  located  on  the  enamel,  in  old  ones  on  the  cementum. 
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This  transition  from  the  young,  to  the  adult,  and  to  the  old  age 
condition  is  brought  about  by  a  gradual  detachment  of  the  epi¬ 
thelial  attachment  from  the  tooth  surface  at  the  bottom  of  the 
gingival  crevice;  at  the  same  time  the  deepest  (most  apical) 
point  of  the  epithelial  attachment  grows  apically  along  the  root 
surface.  Thus  an  increasing  portion  of  the  tooth  surface  gradually 
becomes  exposed,  a  condition  which  is  well  knowr^  to  all  clinical 
observers  and  which  is  known  as  normal  gingival  recession 

(Fig.  47). 

Under  certain  pathological  conditions  gingival  recession  around 
one  or  several  teeth  can  take  place  very  rapidly,  sometimes  with 
detrimental  results  to  the  health  and  function  of  the  affected 
tooth  or  teeth. 

Terminology  of  Crown  and  Root. — After  it  became  known  that 
the  position  of  the  gingival  tissues  on  the  tooth  surface  normally 


Fig.  48.— Diagram  illustrating  four  different  stages  of  the  relationship  existing  between 
the  tooth  and  the  surrounding  tissues,  especially  the  epithelial  attachment.  I,  bottom  of 
the  gingival  crevice  on  the  enamel;  deepest  point  of  the  epithelial  attachment  at  the 
cemento-enamel  junction  (Figs.  44,  45) ;  II,  bottom  of  the  crevice  still  on  the  enamel,  but 
deepest  point  of  attachment  already  on  the  cementum;  III,  bottom  of  the  crevice  exactly 
at  the  cemento-enamel  junction,  and  the  epithelial  attachment  on  the  cementum;  I\ , 
bottom  of  the  crevice  on  the  cementum  with  the  deepest  point  of  the  epithelial  attachment 
shifted  further  apically  (Fig.  47).  (Orban  and  Mueller,  Jour.  Am.  Dent.  Assn.) 


changes  throughout  life,  it  was  necessary  to  introduce  the  follow¬ 
ing  terminology  to  designate  the  various  portions  of  the  tooth 
surface :  The  part  of  a  tooth  that  is  covered  by  enamel  is  called 
the  anatomical  crown,  the  part  covered  by  cementum  the  ana¬ 
tomical  root.  The  dividing  line  between  the  two  is  the  cemento- 
enamel  junction,  and  obviously  this  line  is  constant  throughout 
lifie. 
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The  clinical  crown,  on  the  other  hand,  designates  the  portion 
of  the  tooth  crownwise  of  the  bottom  of  the  gingival  crevice. 
Conversely  the  clinical  root  is  the  part  rootwise  from  the  bottom 
of  the  gingival  crevice.  The  dividing  line  between  clinical  crown 
and  clinical  root  is  the  bottom  of  the  gingival  crevice. 

The  relationship  between  clinical  crown  and  clinical  root  varies 
throughout  life.  In  youth,  while  the  bottom  of  the  gingival  crevice 
is  still  located  on  the  enamel  and  not  all  of  the  enamel  surface  has 
erupted,  the  clinical  crown  is  smaller  than  the  anatomical  crown. 
In  bid  age,  however,  when  not  only  all  of  the  enamel  but  also 
part  of  the  cementum  has  erupted  and  the  bottom  of  the  gingival 
crevice  is  located  on  the  cementum,  the  clinical  crown  is  larger 
than  the  anatomical  crown.  The  diagramis  in  Fig.  48  illustrate 
this. 

Summary. — The  gingiva  is  that  portion  of  the  oral  mucous 
membrane  that  is  attached  to  the  alveolar  process  and  to  the 
surface  of  the  tooth.  The  location  of  this  attachment  on  the 
tooth  surface  varies  with  age:  in  youth  it  is  on  the  enamel,  in 
old  age,  on  the  cementum. 

LABORATORY  EXERCISES 

The  gingival  tissues  should  be  studied  in  longitudinal  sections, 
stained  with  hematoxylin  and  eosin,  through  decalcified  teeth 
and  surrounding  jaw  tissues.  The  material  best  suited  for  this 
purpose  is  jaws  of  young  monkeys  or  dogs  (Plate  X).  Human 
jaw  tissues  may  also  be  used,  although  it  is  difficult  to  find  human 
gingival  tissues  free  from  pathological  changes.  The  teeth  of  sheep 
should  not  be  used  because  of  certain  fundamental  structural 
differences  between  sheep’s  teeth  and  human  teeth.  With  these 
exceptions  the  same  sections  may  very  well  be  utilized  that  were 
used  for  the  periodontal  membrane. 

First  the  general  relationship  between  tooth,  gingival  tissues, 
alveolar  crest,  and  periodontal  membrane  should  be  noted.  Then 
the  area  of  the  gingiva  should  be  drawn,  including  the  bone  crest 
and  the  periodontal  membrane  near  the  crest,  and  the  following 
structures  and  landmarks  indicated:  dentin,  cementum,  cemento- 
enamel  junction,  and  the  area  formerly  occupied  by  the  enamel; 
alveolar  crest  fibers  and  horizontal  fibers  of  the  periodontal  mem¬ 
brane;  epithelial  attachment,  cuticle^  bottom  of  the  gingival 
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crevice,  gingival  margin,  free^ gingiva,  and  gingival  epithelium; 
and  bone  and  periosteum. 

In  studying  these  sections  it  must  constantly  be  kept  in  mind 
that  the  enamel  of  the  tooth  has  been  lost  in  the  preparation  of 
the  specimen.  The  approximately  triangular  area  bounded  by  the 
dentin  surface,  the  cemento-enamel  junction,  and  the  gingival 
tissue  is  not  the  gingival  crevice  but  the  area  formerly  occupied 
by  the  cervical  portion  of  the  enamel  (Plate  X,  E).  A  careful  dis¬ 
tinction  must  be  made  between  the  epithelium  of  the  gingiva 
(high  papillae)  and  the  epithelium  of  the  epithelial  attachment 
(no  papillae).  The  junction  of  the  two  is  the  bottom  of  the  gingival 
crevice;  here  there  will  usually  be  found  a  fine  thread-like  struc¬ 
ture,  the  cuticle,  which  was  located  on  the  enamel  surface  before 
decalcification  of  the  specimen.  If  the  cuticle  has  not  been  pre¬ 
served,  it  may  not  be  possible  to  differentiate  between  crevice 
epithelium  and  epithelial  attachment.  In  specimens  of  older 
teeth,  both  human  and  animal,  the  bottom  of  the  crevice  is  usually 
found  on  the  cementum  surface  (Fig.  47). 


CHAPTER  VIII 


ALVEOLAR  BONE.  REVIEW  OE  BONE  HISTOLOGY 

Although  the  histology  of  bone  in  general  is  not  part  of  this 
course,  a  knowledge  of  bone  is  of  such  importance  to  the  dentist 
that  a  brief  review  of  the  subject  is  considered  advisable. 

Chemical  Composition  of  Bone. — Bone  consists  of  60  to  70 
per  cent  inorganic  and  30  to  40  per  cent  organic  material.  Trical¬ 
cium  phosphate  is  the  main  inorganic  component,  and  there  are 
small  amounts  of  calcium  carbonate,  magnesium  phosphate,  and 
other  salts.  The  inorganic  part  of  bone  is  almost  the  same  as  that 
of  dentin  and  cementum. 

The  organic  part  is  the  bone  matrix  or  osteoid,  a  cartilage-like 
uncalcified  substance,  consisting  of  collagenous  fibrillae  embedded 
in  a  homogeneous  ground  substance. 

How  can  the  organic  and  inorganic  parts  of  bone  be  separated? 
This  question  is  often  asked,  and  the  answer  offers  an  insight  into 
the  composition  of  bone.  If  a  fresh  piece  of  bone  is  subjected  to 
the  action  of  dilute  acid,  such  as  5  per  cent  nitric  acid,  for  several 
days,  it  retains  its  original  size  and  shape  but  becomes  soft  and 
flexible,  so  that  it  can  be  cut  with  a  sharp  knife.  This  remaining 
substance  is  the  organic  bone  matrix,  which  remains  after  the 
insoluble  calcium  phosphate  has  been  transformed  into  soluble 
calcium  nitrate.  On  the  other  hand,  fresh  bone  if  heated  becomes 
a  white,  chalky,  and  very  brittle  substance,  the  inorganic  part 
of  the  bone  from  which  all  organic  material  has  been  burned. 

Structure  of  Bone. — Bone  is  built  up  of  layers  of  calcified  bone 
matrix.  Within  this  framework  are  numerous  small  cavities,  the 
lacunae,  which  are  connected  to  each  other  by  a  system  of  fine 
channels,  the  canaliculi.  The  lacunae  contain  bone  cells  (osteo- 
cytes)  which  are  osteoblasts  that  have  become  trapped  in  the 
bone  during  the  process  of  bone  formation. 

Architecture  of  Bone. — Bone  is  divided  into  compact  and 
spongy  or  cancellous  bone  (Fig.  49).  Spongy  bone  consists  of 
trabeculae,  which  form  a  latticework  inside  most  of  the  bones  of 
the  human  body.  Compact  bone,  on  the  other  hand,  is  a  solid, 
ivory-like  structure.  Histologically  compact  bone  is  built  up  of 
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successive  layers  or  lamellae,  among  which  are  the  basic  lamellae, 
ground  lamellae,  and  the  Haversian  systems,  which  consist  of 
Haversian  lamellae  arranged  around  an  Haversian  canal  (Fig.  SO). 
Occasionally  compact  bone  is  perforated  by  the  penetrating  canals 
of  Volkmann. 

Usually  compact  bone  forms  the  outer  surface  or  shell  of  the 
bone  within  which  are  the  bone  marrow  and  a  systepi  of  trabeculae. 


Fig.  49. — Compact  and  spongy  (cancellous)  bone.  Section  through  human  mandible  in 
the  region  of  the  lower  second  bicuspid.  P,  outer  periosteum  of  mandible;  CB,  compact 
cortical  bone  of  mandible  built  of  Haversian  systems;  T,  trabeculae  of  spongy  bone;  FM, 
fat  marrow;  AB,  thin  compact  plate  of  alveolar  bone;  PM,  periodontal  membrane;  C, 
cementum  of  lower  second  bicuspid.  Magnification  X  20. 


the  cancellous  bone.  The  course  of  the  trabeculae  is  dictated  b}^ 
mechanical  factors;  they  are  arranged  to  correspond  to  the  direc¬ 
tion  of  maximum  tension  or  pressure  upon  the  skeleton. 

Formation,  of  Bone. — Bone  is  formed  by  the  osteoblasts  which 
are  specialized  connective  tissue  cells  of  the  periosteum.  At 
present,  much  research  is  being  done  on  the  problem  of  bone 
formation,  particularly  in  regard  to  the  osteoblasts;  however,  to 
one  interested  merely  in  the  fundamentals  and  not  in  advanced 
scientific  problems,  it  is  sufficient  to  know  that  wherever  bone  is 
being  built,  microscopically  we  find  osteoblasts  and  beneath  them 
a  layer  of  young,  uncalcified  bone  matrix  (osteoid)  which  has  just 
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been  laid  down  and  has  not  yet  had  time  to  become  impregnated 
with  lime  salts  (Fig.  51). 

From  this  microscopic  finding  it  is  evident  that  bone  formation 
takes  place  in  two  distinct  and  separate  phases,  namely,  (1) 
formation  of  the  matrix  and  (2)  calcification  of  this  matrix. 
Certain  well-known  clinical  symptoms  result  from  disturbances 
of  either  one  of  these  processes.  In  rickets,  for  instance,  the  matrix 
formation  takes  place  as  usual,  but  calcification  is  slow  or  is  com- 


Fig.  50. — Haversian  systems  in  the  alveolar  bone  of  a  lower  bicuspid.  1,  2,  3,  4,  cross 
sections  through  Haversian  canals  each  of  which  contains  loose  connective  tissue,  blood¬ 
vessels,  and  osteoblasts;  5,  6,  7,  Haversian  lamellae  arranged  circularly  around  the  Haver" 
sian  canals;  8,  longitudinal  section  through  Haversian  canal;  9,  bundle  bone  (fiber  bone). 
Magnification  X  100. 

pletely  interrupted.  As  a  result,  the  bones  of  a  rachitic  child 
remain  soft  and  flexible,  which  is  responsible  for  mechanical 
deformities,  such  as  bowlegs. 

The  main  factors  that  cause  or  stimulate  bone  formation  are: 
1 .  Normal  Growth  of  the  Body. — It  is  obvious  that  a  great  deal 
of  bone  has  to  be  laid  down  before  the  adult  skeleton  is  formed. 
The  role  of  function  in  this  connection  will  be  discussed  under  2. 
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2.  AvevQ^gc  Fufictioudl  Stifuuldtiofi. — There  are  two  main  factors 
that  stimulate  and  control  bone  formation.  One  is  the  innate 
tendency  of  the  mesenchyme  to  form  bone  in  certain  predeter¬ 
mined  places  regardless  of  any  outer  influences.  The  other  is 
function,  meaning  the  sum  total  of  mehcanical  and  statical  forces 
to  which  the  skeleton  is  subjected.  This  can  be  put  in  the  form  of 
two  simple  questions:  Would  every  human  being  develop  a  skele¬ 
ton  even  if  function  were  entirely  excluded;  the  answer  is  Yes. 
Can  a  human  being  develop  a  normdl  skeleton  if  function  is  ex¬ 
cluded;  the  answer  to  this  is  No. 


jtjq  51 — Bone  formation.  Alveolar  bone  around  a  drifting  tooth  on  the  side  from  which 
the  tooth  is  moving.  The  direction  of  movement  is  indicated  by  an  arrow.  B,  calcified 
bone;  O,  newly  formed,  uncalcified  bone  matrix  (osteoid);  Ob,  osteoblasts;  PM,  periodon¬ 
tal  inembrane;  V,  blood-vessels  of  periodontal  membrane;  C,  cementum;  D,  dentin. 

Magnification  X  300. 

Every  normal  baby  is  born  with  jaws,  but  only  the  child  that 
uses  his  jaws  properly  and  sufficiently  will  develop  the  well-built, 
powerful  jaw  bones  which  are  a  part  of  a  strong,  healthy  body. 

3.  Incredsed  Functiondl  Stimuldtion. — If  fully  formed  adult 
bone  is  subjected  to  increased  function,  such  as  when  a  person 
begins  to  take  strenuous  exercise  or  to  perform  heavy  physical 
labor,  the  bones  of  the  skeleton  can  be  re-enforced  by  the  forma¬ 
tion  of  new  bone,  providing  there  is  good  health  and  proper 

nutrition. 
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4.  Repla,ce7nefit  oj  Resorbed  Areas. — Both  in  growing  and  in 
adult  bone  there  is  a  continuous  process  of  tearing-down  (re¬ 
sorption)  of  small  areas.  To  replace  these  minute  losses  a  con¬ 
tinuous  formation  of  small  amounts  of  new  bone  is  required. 
Hence  microscopically  it  is  difficult  to  find  an  area  of  normal 
adult  bone  which  does  not  show  in  some  area  or  other  osteoblasts 
and  osteoid  as  evidence  of  the  building  of  bone. 

5.  Repair  of  Bone  Injuries. — Every  bone  destruction  or  dis¬ 
ease,  whether  an  inflammation  or  a  fracture,  is  sooner  or  later 
followed  by  a  reparative  formation  of  new  bone,  which  tends  to 
regenerate  the  lost  or  injured  bone  and  to  restore  it  to  normalcy. 


Fig.  52. — Bone  resorption.  Alveolar  bone  around  a  drifting  tooth  on  the  side  toward 
which  the  tooth  is  moving.  The  direction  of  movement  is  indicated  by  an  arrow.  bone; 
HL,  Howship’s  lacunae;  OC,  osteoclasts;  PM,  periodontal  membrane;  V,  vessels  of  perio¬ 
dontal  membrane;  C,  cementum.  Magnification  X  300. 

Resorption  of  Bone.^ — Bone  is  resorbed  by  osteoclasts,  which 
are  large  connective  tissue  cells  with  many  nuclei  (giant  cells). 
Osteoclasts  in  all  probability  are  derived  from  the  periosteum. 
By  their  destructive  action  upon  the  bone  they  produce  shallow, 
semi-circular  depressions  in  the  bone  surface,  the  Howship’s 
lacunae  (Fig.  52). 

All  that  has  been  said  about  the  osteoblasts  and  their  function 
also  applies  to  the  osteoclasts.  Prominent  investigators  disagree 
about  their  origin,  function,  and  signihcance.  Probably  bone  can 
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be  removed  in  still  other  ways^than  that  described  here.  For  the 
time  being,  though,  the  student  need  remember  only  that  wherever 
the  microscope  reveals  giant  cells  lying  in  grooves  on  the  bone 
surface  (Howship’s  lacunae),  the  bone  is  being  resorbed. 

The  following  factors  mainly  cause  or  stimulate  bone  resorption : 

1.  Physiological  Reconstruction  of  Growing  Bone. — The  growth 
of  the  skeleton  cannot  be  achieved  merely  by  thg  addition  of 
bone.  It  is  necessary  that  new  formation  of  bone  be  accompanied 
by  corresponding  resorption  which  removes  excess  bone  and  gives 
the  skeleton  its  proper  shape.  Let  us  consider  a  concrete  ex¬ 
ample  of  this :  How  does  the  small  skull  of  a  child  become  the 
large  skull  of  the  adult?  If  bone  were  added  only  on  the  outside, 
the  skull  would  cer'tainly  become  larger  but  also  correspondingly 
thicker,  without  giving  the  brain  increased  space.  Resorption 
solves  this  problem.  While  bone  is  being  added  on  the  outside  of 
the  skull,  osteoclasts  resorb  the  bone  on  the  inside;  the  result  is 
a  gradual  increase  in  the  size  and  capacity  of  the  brain  case  with¬ 
out  unnecessary  increase  in  the  thickness  of  its  wall. 

2.  Physiological  Reconstruction  of  Adult  Bone.  The  physi¬ 
ological  reconstruction  of  adult  bone  is  a  continuation  of  1 .  Even 
after  the  skeleton  has  reached  its  final  dimensions  the  bone  is 
not  immutable.  Always  there  is  resorption  going  on  in  some  cir¬ 
cumscribed  areas,  followed  by  new  formation  of  bone  in  the  same 
or  adjacent  areas.  Probably  the  whole  process  is  a  form  of  molting, 
the  removal  of  aging  tissues  and  their  replacement  by  new  ones. 

3.  Pressure. — Pressure  of  sufficient  intensity  applied  to  bone 
for  a  sufficient  length  of  time  is  one  of  the  main  factors  in  bone 
resorption.  Every  pathologist  is  familiar  with  the  sometimes 
very  rapid  and  extensive  bone  resorption  caused  by  the  steady 
pressure  of  a  growing  tumor  or  by  the  abnormal  distention  of  a 
blood-vessel.  A  good  example  of  normal  resorption  caused  by 
gentle,  steady  pressure  is  the  resorption  of  the  roots  of  deciduous 
teeth  by  osteoclasts,  which  are  stimulated  by  the  pressure  of  the 
growing  and  erupting  permanent  teeth. 

The  dentist  should  also  know  that  the  science  of  orthodontics 
is  built  upon  the  law  that  pressure  upon  bone  causes  resorption; 
proper  pressure  exerted  upon  a  tooth  will  result  in  the  resorption 
of  the  surrounding  alveolar  bone  and  thus  permit  movement  in 
the  desired  direction. 

4.  Inflammation. — Inflammatory  processes  in  the  vicinity  of 
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bone  or  in  the  bone  itself  cause  bone  resorption.  Several  forms  of 
inflammation  in  and  around  the  jaws  are  of  great  clinical  impor¬ 
tance,  largely  because  of  the  amount  of  bone  destruction  which 
they  cause. 

5.  Lack  of  Proper  Functional  Stimulation. — If  use  and  function 
are  lacking,  bone  is  likely  to  be  reduced  by  resorption.  The  bones 
in  an  immobilized  or  paralyzed  extremity  in  time  become  very 
thin  and  light,  since  bone  is  continuously  resorbed  and  no  new 
bone  is  built.  The  resulting  condition  is  called  atrophy  caused  by 
inactivity.  An  example  of  this  type  of  bone  atrophy  which  is  fami¬ 
liar  to  every  dentist  is  the  resorption  of  the  alveolar  process  and 
the  reduced  density  of  the  jaw  bone  following  the  loss  of  the  teeth. 

6.  Improper  N ourishment  and  Circulation. — Lack  of  proper 
nourishment  of  the  bone,  either  general  because  of  improper  or 
insufficient  diet  or  local  because  of  disturbed  circulation,  arrests 
the  formative  processes  and  encourages  resorption. 

7.  Endocrine  Disturbances. — The  endocrine  glands  can  affect 
the  bone  in  several  ways.  An  example  of  this  is  the  generalized 
bone  resorption  caused  by  excessive  function  of  the  parathyroid 
glands. 

Periosteum  and  Endosteum. — The  surface  of  the  bone  is 
covered  by  a  tough,  fibrous  membrane,  the  periosteum,  which 
contains  the  blood-vessels  and  nerves  that  supply  nourishment 
and  sensation  to  the  bone.  The  osteoblasts  and  osteoclasts  orig¬ 
inate  in  the  delicate  layer  of  the  periosteum  next  to  the  bone 
surface.  The  inner  surface  of  the  compact  bone  as  well  as  the 
trabeculae  of  the  spongy  bone  are  covered  with  a  thin,  fibrous 
layer,  the  endosteum,  the  functions  of  which  are  identical  with 
those  of  the  periosteum.  The  periosteum  and  endosteum  are 
connected  by  the  nutritional  foramina,  the  openings  in  the  bone 
surface  through  which  the  larger  vessels  pass  from  the  periosteum 
to  the  inside  of  the  bone. 

Bone  Marrow. — The  bone  marrow  is  the  soft  substance  inside 
of  the  bone.  Two  kinds  are  distinguished :  red  and  yellow  marrow. 
Red  marrow  contains  the  mother  cells  of  the  leukocytes  and  ery¬ 
throcytes,  and  its  function  is  to  form  these  cells.  Yellow  or  fat 
marrow  consists  of  fat  tissue  which  is  placed  in  the  bone  cavities 
as  a  filler,  thus  also  providing  a  storage  of  fat.  The  distribution 
of  red  and  yellow  marrow  is  as  follows:  In  infants  and  young 
children  most  of  the  bones  contain  red  marrow.  With  advancing 
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age,  however,  most  of  the  red- marrow  disappears  from  the  bones 
of  the  extremities  and  the  jaws  and  is  replaced  by  fat  marrow; 
red  marrow  is  found  only  in  the  ribs,  skull,  sternum,  and  several 
other  smaller  areas.  If  in  adult  life  an  emergency  arises  in  which 
large  amounts  of  blood  cells  are  suddenly  needed,  such  as  follow¬ 
ing  great  loss  of  blood  or  in  blood  diseases,  a  large  portion  of  the 
fat  marrow  may  become  transformed  into  red  marrow  and  form 
blood  cells. 

Architecture  of  the  Alveolar  Bone. — If  the  general  distri¬ 
bution  of  the  alveolar  bone  around  the  teeth  is  examined,  it  is 
possible  to  distinguish  between  two  types  of  bone.  One  is  a  thin, 
continuous  plate  that  surrounds  the  root,  directly  adjacent  to 
the  periodontal  membrane.  This  inner  compact  plate  of  bone  is 
the  cribriform  plate  or  alveolar  bone  proper.  It  is  clearly  visible 
in  dental  radiographs  (Fig.  76)  and  in  dry  specimens  of  jaw  bone. 
The  name  cribriform  indicates  that  it  is  perforated  by  numerous 
fine  openings  through  which  the  vessels  and  nerves  of  the  pulp 
and  periodontal  membrane  are  connected  with  those  in  the  bone. 
Between  the  cribriform  plates  and  between  them  and  the  external 
bone  plate  of  the  jaws  is  a  system  of  trabeculae  of  cancellous  bone, 
which  is  known  as  the  supporting  bone.  The  bone  spicules  in  this 
supporting  bone  are  arranged  according  to  the  prevailing  stresses; 
it  is  their  function  to  take  over  the  masticatory  forces  exerted 
upon  the  teeth  and  transmit  them  to  the  jaw  as  a  whole.  Between 
the  sockets  the  trabeculae  usually  run  horizontally  from  one  cribri¬ 
form  plate  to  the  other,  bracing,  as  it  were,  each  alveolus  against 
the  adjacent  alveoli.  At  the  fundus  of  the  alveoli  the  trabeculae 
run  in  a  more  vertical  direction,  parallel  to  the  direction  of  the 
vertical  occlusal  pressure  (Fig.  S3). 

Changes  in  function  have  little  effect  upon  the  alveolar  bone 
proper,  which  is  rather  constant  throughout  life.  The  suppor¬ 
ting  bone,  however,  acquires  more  or  fewer  trabeculae  accord¬ 
ing  to  an  increase  or  decrease  in  the  amount  of  function.  If  a 
tooth  is  subjected  to  heavy  occlusal  stress,  such  as  a  tooth 
carrying  a  fixed  bridge,  the  supporting  bone  will  in  time  become 
re-enforced  by  an  increase  in  the  number  and  strength  of  its 
trabeculae.  Conversely,  if  a  tooth  loses  its  antagonists  and, 
therefore,  is  used  very  little,  the  supporting  bone  is  gradually 
removed  by  osteoclastic  activity  until  only  the  cribriform  plates 
are  left  around  the  roots. 
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It  is  not  always  possible  to  discriminate  between  compact  and 
cancellous  bone.  Frequently  the  bone  around  the  labial  and  lingual 
sides  of  the  root  consists  merely  of  a  thin,  compact  plate.  This  is 
particularly  true  of  the  facial  and  lingual  bone  plates  of  the  an¬ 
terior  teeth  which  are  often  less  than  0.3  mm.  in  thickness 
(Fig.  54). 


Fig.  53. — Alveolar  bone  proper  and  supporting  bone.  Lower  first  and  second  molars; 
age,  forty-one  years.  AB,  plate  of  alveolar  bone  proper  (cribriform  plate)  surrounding  the 
roots;  SBi,  trabeculae  of  supporting  bone  running  horizontally  from  one  alveolus  to  the 
other;  SB^,  trabeculae  of  supporting  bone  running  from  the  fundus  of  the  alveolus  down¬ 
ward;  FM,  fat  marrow  of  the  mandible.  Magnification  X  4. 


Microscopically  the  alveolar  bone  proper  consists  of  two  kinds 
of  bone:  one  is  the  usual  compact  bone  built  up  of  Haversian 
systems,  and  the  other  is  a  specialized  form  characterized  by  the 
presence  of  embedded  Sharpey’s  hbers.  This  latter  is  known  as 
fiber  bone  or  bundle  bone.  It  is  laid  down  in  definite  layers  ar¬ 
ranged  parallel  to  the  root  surface.  Whenever  the  position  of  a 
tooth  in  the  jaw  is  gradually  changed,  bundle  bone  is  formed  on 
the  side  of  the  alveolus  from  which  the  tooth  is  moving.  If  a  tooth 
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is  moved  occlusally,  bundle  bone  is  found  at  the  fundus  of  the 
socket;  if  it  is  moved  or  drifts  mesially,  bundle  bone  is  present 
on  the  distal  side  of  the  alveolus,  whereas  on  the  mesial  side  there 
is  resorption  of  the  Haversian  systems  (Fig.  55).  Thus,  from  the 
distribution  of  bundle  bone  and  bone  resorption,  it  is  possible  in 


Fig.  54.— Alveolus  of  a  lower  cuspid;  age,  sixty-four  years.  La,  labial  side;  Li,  lingual 
side;  BL,  external  basic  lamellae  of  mandible;  CB,  compact  bone  of  mandible;  S,  spongy 
bone  in  lower  portion  of  alveolus;  AB,  thin  compact  plates  of  labial  and  lingual  alveolar 
bone;  G,  gingiva;  MA,  labial  muscle  attachment;  SG,  sublingual  gland.  Magnification  X  7. 


examining  a  section  through  jaw  and  tooth  to  tell  whether  the 
tooth  was  stationary  in  its  alveolus  or  whether  and  in  what 
direction  it  was  drifting. 

On  the  whole,  the  distribution  and  structure  of  the  alveolar 
bone  depend  largely  upon  the  presence  and  function  of  the  teeth. 
Under  normal  functional  conditions  the  alveolar  bone  is  rather 
constant  during  adult  life.  Any  abnormality  or  disturbance,  how- 
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ever,  such  as  faulty  occlusion,  extraction  of  teeth  or  inflam¬ 
mation  of  dental  origin,  results  in  bone  changes  which  can  be 
seen  clinically  as  well  as  microscopically.  Lack  of  proper  mastica- 
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tory  function  results  in  underdevelopment  and  weakness  of  the 
alveolar  process.  The  extraction  of  several  or  all  of  the  teeth 
invariably  leads  to  extensive  resorption  of  the  alveolar  bone,  since 
Uhe  latter  cannot  exist  without  the  presence  of  teeth. 
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Summary. — The  alveolar  bone  is  that  part  of  the  maxilla  and 
mandible  whose  function  it  is  to  support  the  teeth.  It  consists  of 
compact  and  cancellous  bone ;  although  the  compact  bone  plate  sur¬ 
rounding  the  root  is  rather  constant,  the  amount  of  cancellous  bone 
depends  largely  upon  the  prevailing  functional  conditions.  Loss 
of  the  teeth  invariably  results  in  resorption  of  the  alveolar  bone. 

LABORATORY  EXERCISES 

The  histology  of  bone  in  general  is  included  in  the  course  in 
general  histology.  For  the  study  of  the  alveolar  bone  the  same 
specimens  can  be  used  as  were  used  for  the  periodontal  membrane 
and  the  gingiva.  In  addition,  it  is  advantageous  to  have  sections 
made  by  sawing  through  the  upper  and  lower  jaw  and  teeth  of 
dry  bone  specimens  in  order  to  illustrate  the  distribution  of  com¬ 
pact  and  cancellous  bone  and  the  relative  length  and  position 
of  the  alveoli  and  roots. 

In  decalcified,  stained  sections,  the  general  outline  of  the  jaw 
should  be  drawn  first.  The  drawing  used  for  the  periodontal  mem¬ 
brane  may  be  used  by  inserting  the  details  of  the  bone  and  bone 
marrow.  In  sections  through  the  upper  jaw  attention  should  be 
given  to  the  floor  of  the  nasal  cavity,  the  maxillary  sinus,  and  the 
palate;  in  the  lower  jaw,  to  the  body  of  the  mandible  and  to  the 
mandibular  canal.  If  present,  the  periosteum  and  muscle  attach¬ 
ments  to  the  outside  of  the  bone  should  be  noted. 

By  using  a  somewhat  higher  magnification  it  is  possible  to 
discern  the  basic  lamellae  and  ground  lamellae,  Haversian  systems, 
and  Volkmann’s  canals.  The  compact  bone  of  the  lower  pordon 
of  the  mandible,  both  of  man  and  dog,  is  particularly  well  suited 
for  this  study.  The  type  of  bone  marrow  should  be  determined 
and  the  vessels  and  nerves  in  the  various  bone  canals  and  in  the 
marrow  identified. 

Finally,  under  high  magnification  the  finer  details  of  the  bone 
can  be  examined.  Lacunae,  bone  cells,  and  canaliculi  can  be 
recognized  easily.  On  the  surface  of  the  bone,  especially  on  the 
side  that  faces  the  root,  it  is  usually  possible  to  determine  whether 
bone  was  being  built,  as  indicated  by  the  presence  of  osteoblasts 
and  osteoid,  or  whether  resorption  was  taking  place,  with  osteo¬ 
clasts  and  Howship’s  lacunae  as  evidence.  Frequently  bone  is  in 
a  state  of  rest,  and  then  neither  osteoblasts  nor  osteoclasts  are 

present. 


CHAPTER  IX 


TOOTH  DEVELOPMENT 


_  Human  teeth  are  composed  of  ectodermal  and  mesodermal 
tissues.  This  close  connection  between  two  different  germinal 
layers  is  the  result  of  a  complicated  process  of  intussusception  of 


Fig,  56.— Earliest  evidence  of  tooth  development.  Thickening  of  the  epithelium  covering 
the  jaw  ridges  of  a  human  embryo  of  16  mm.  in  length  (seventh  week  of  fetal  life),  f//, 
upper  jaw;  LJ ,  lower  jaw;  T,  tongue;  A,  anlage  of  upper  and  lower  tooth.  Magnifica¬ 
tion  X  80.  (Orban,  Jour.  Am.  Dent.  Assn.) 


one  tissue  into  the  other;  it  can  be  understood  only  if  the  process 

of  tooth  formation  is  followed  from  its  earliest  stages  to  comple¬ 
tion. 
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TOOTH  DEVELOPMENT 


It  has  become  customary  to  divide  tooth  development  into 
three  successive  stages,  and  for  practical  purposes  this  division 
will  be  followed  here. 

First  Stage  of  Tooth  Development. — The  first  stage  of  dental 
development  is  characterized  by  the  fact  that  the  tooth  germ 
consists  of  a  solid  mass  of  ectodermal  epithelial  cells. 

Tooth  development  in  man  begins  between  the  thirty-fourth 
and  thirty-eighth  day  of  fetal  life.  At  this  time  the  total  length 
of  the  embryo  is  11  to  13  mm.  If  we  consider  that  the  total  time 
between  fertilization  of  the  ovum  and  birth  is  about  two  hundred 
and  eighty  days  and  that  during  this  time  the  body  grows  from 
microscopic  size  to  SO  cm.  in  length,  we  can  realize  how  relatively 

early  the  formation  of  the  teeth  begins. 

At  the  beginning  there  is  a  proliferation  of  the  basal  layer  of 
epithelium  covering  the  jaw  ridges  (Fig.  56).  It  becomes  thicker 
in  certain  places  corresponding  to  the  position  of  the  future  de¬ 
ciduous  anterior  teeth.  At  the  same  time  the  connective  tissue 
(mesenchyme)  beneath  the  epithelium  also  proliferates  and  grows 
toward  the  surface.  By  this  combined  activity  of  epithelium  and 
connective  tissue  the  distance  between  the  epithelial  swelling  and 

the  surface  is  gradually  increased. 

In  this  stage  of  development  a  section  shows  the  following 

structures  (Fig.  57) : 

1.  The  oral  epithelium  covers  the  jaw  ridges;  it  consists  of 

large,  light  cells,  and  as  yet  there  are  no  papillae. 

2.  The  solid  accumulation  of  epithelial  cells  which  has 
arisen  from  the  basal  layer  of  the  epithelium  is  the  tooth  bud 
or  tooth  anlage.  {Afildge  is  a  German  word  that  has  been  taken 
over  into  English  scientific  language  and  that  means  early 

formation.)  ^  ,  . 

3.  Between  tooth  bud  and  surface  epithelium  is  a  constriction 

or  kind  of  neck;  this  is  the  cross-section  through  the  dental 
lamina,  a  band  of  epithelial  tissue  that  runs  parallel  to  the  jaw 
ridge  approximately  perpendicularly  to  the  surface  and  that 

connects  the  individual  tooth  anlagen. 

In  the  next  stage  of  development  the  epithelial  cells  grow  faster 
in  the  periphery  of  the  tooth  bud  than  in  the  center.  The  con¬ 
nective  tissue,  on  the  other  hand,  proliferates  at  the  bottom  (or 
at  the  top  for  the  maxilla)  of  the  tooth  bud  and  grows  against  it. 
These  two  processes  result  in  the  formation  of  a  depression  in 
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the  center  of  the  epithelial  tooth  bud;  this  depression  or  groove 
contains  dense  connective  tissue,  the  dental  papilla. 

Second  Stage  of  Tooth  Development. — In  the  second  stage  of 
dental  development  there  is  a  bell-shaped  enamel  organ,  but  as 
yet  no  hard  tissue  formation  has  taken  place. 


Fig.  57. — ^Early  stage  of  tooth  development.  Solid  tooth  bud  of  the  upper  deciduous 
lateral  incisor  of  a  human  embryo  of  24.3  mm.  in  length  (eighth  fetal  week).  OE,  oral 
epithelium;  DL,  dental  lamina;  DA,  dental  anlage;  DP,  condensation  of  connective  tissue 
opposite  the  tooth  anlage  (dental  papilla);  MB,  maxillary  bone.  Magnification  X  160. 


By  the  continued  growth  of  the  epithelial  cells  in  the  periphery 
of  the  tooth  bud  the  latter  assumes  the  shape  of  a  cup  or  bell,  the 
inside  of  which  is  filled  with  the  connective  tissue  cells  of  the 
dental  papilla.  The  formerly  solid  and  homogeneous  epithelium 
becomes  differentiated  into  four  distinct  layers,  and  this  entire 
epithelial  structure  is  called  the  enamel  organ  (Fig.  58). 

(  The  four  layers  that  make  up  the  enamel  organ  are; 

7 
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1.  The  outer  enamel  epithelium,  which  is  a  thin  layer  of  flat 
epithelial  cells  that  form  the  outside  of  the  enamel  organ. 


Yig,  58 —Second  stage  of  tooth  development.  Bell-shaped  enamel  organ  of  a  deciduous 
cuspid  of  a  human  embryo  of  the  fifth  fetal  month.  OE,  oral  epithelium;  DL,  dental  lamina, 
Pg,  anlage  of  permanent  cuspid  located  on  the  lingual  side  of  the  enamel  organ  of  the 
deciduous  cuspid;  OEE,  outer  enamel  epithelium;  SR,  stellate  reticulum,  Si,  stratum  in¬ 
termedium;  I  EE,  inner  enamel  epithelium;  E)P,  dental  papilla;  CP,  connective  tissue  of 
tooth  follicle.  Magnification  X  30. 

2.  The  stellate  reticulum,  which  constitutes  by  far  the  largest 
portion  of  the  enamel  organ.  It  is  a  loose  network  of  star-shaped 
(stellate)  epithelial  cells,  in  its  structure  unlike  any  other  epi¬ 
thelial  structure  in  the  body.  Its  function  is  still  unknown. 
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3.  The  intermediate  layer  or  stratum  intermedium,  which  is 
a  layer  of  epithelial  cells  located  near  the  inner  enamel  epithelium. 
It  is  a  condensation  of  epithelial  cells  near  the  inner  surface  of 
the  stellate  reticulum. 

4.  The  inner  enamel  epithelium,  located  next  to  the  dental 
papilla,  which  is  a  single  layer  of  epithelial  cells  that  form  the 
inside  of  the  enamel  organ. 

The  enamel  organ  is  attached  to  the  dental  lamina,  which  by 
this  time  has  become  thinner  and  elongated  by  the  continued 
growth  of  both  the  epithelium  and  the  surrounding  connective 
tissue.  The  dental  lamina  can  be  followed  past  the  enamel  organ 
of  the  deciduous  teeth  to  a  terminal  swelling,  which  is  the  anlage 
for  the  permanent  successor  of  the  deciduous  tooth  (Fig.  58,  Pg). 

Third  Stage  of  Tooth  Development. — The  third  stage  of  tooth 
development  is  the  period  during  which  the  formation  of  enamel 
and  dentin  takes  place.  It  is  characterized  by  certain  typical 
changes  in  the  enamel  organ  and  in  the  dental  papilla. 

The  epithelial  cells  of  the  inner  enamel  epithelium  become  tall 
and  cylindrical  in  shape;  in  this  form  they  are  called  ameloblasts 
or  ganoblasts  (enamel  builders).  The  peripheral  connective  cells 
of  the  dental  papilla  are  also  transformed  into  cylindrical  cells, 
the  odontoblasts,  which  are  arranged  opposite  the  ameloblasts. 
The  ameloblasts  form  the  enamel;  and  the  tissue  of  the  dental 
papilla,  which  in  this  stage  is  already  called  the  pulp,  forms  the 
dentin.  The  line  along  which  the  ameloblasts  and  odontoblasts 
meet  is  the  later  dentino-enamel  junction. 

Dentin  formation  always  begins  a  short  time  before  enamel 
formation.  The  earliest  evidence  of  dentin  and  enamel  formation 
is  observed  in  the  deciduous  incisors  during  the  sixth  month  in 
utero  (see  Table,  page  117).  Calcification  is  first  found  in  the 
permanent  dentition  in  the  first  permanent  molar  at  the  time  of 
birth  (see  Table,  page  117). 

The  entire  tooth  germ  is  located  in  a  cavity  in  the  jaw  bone, 
the  tooth  crypt  or  primitive  alveolus  (Fig.  59).  It  is  surrounded 
by  a  capsule  of  loose  connective  tissue,  the  tooth  sac  or  tooth 
follicle.  The  dental  lamina  at  this  time  is  no  longer  a  continuous 
band  of  epithelium  but  by  an  ingrowth  of  connective  tissue  has 
been  broken  up  into  groups  or  clusters  of  epithelial  cells.  These 
epithelial  masses  were  formerly  known  as  the  glands  of  Serres; 
actually  they  are  not  glands. 
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Formation  of  Enamel  (Amelogenesis). — The  enamel  is  secreted 
by  the  ameloblasts.  Each  ameloblast  forms  a  single  enamel  rod, 
beginning  at  the  dentino-enamel  junction  and  ending  on  the 


59 —Beginning  formation  of  enamel  and  dentin  (third  stage  of  tooth  development). 
Labiolingual  section  through  the  upper  central  incisor  region  of  a  human  fetus  in  the  sixth 
month  of  intra-uterine  life.  OE,  oral  epithelium;  DL,  dental  lamina;  PG,  germ  of  permanent 
tooth  located  on  the  lingual  side  of  deciduous  tooth  germ;  E,  D,  enamel  and  dentin  of 
deciduous  tooth  germ;  EO,  enamel  organ;  P,  dental  papilla;  B,  bone  of  maxilla;  T,  tongue. 
Magnification  X  15. 


enamel  surface.  The  soft,  just-formed  part  of  the  enamel  rod  next 
to  the  ameloblast  is  known  as  Tomes’  process  (Fig.  60). 

The  intercellular  substance  between  the  ameloblasts  forms  the 
interprism atic  substance  of  the  enamel.  The  crisscrossing  of  the 
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various  groups  of  enamel  rods  (Schreger’s  lines)  is  probably  the 
result  of  the  different  angles  of  the  ameloblasts  during  the  growth 
of  the  enamel.  When  the  enamel  formation  is  completed,  the 
ameloblasts  form  a  fine  membrane,  the  primary  enamel  cuticle; 
they  then  degenerate  and  disappear.  In  man  enamel  formation 
is  always  completed  before  the  tooth  erupts. 


Fig.  60.— Enamel  organ  in  the  early  stages  of  enamel  formation.  First  perm.anent  molar 
at  six  months.  OEE,  outer  enamel  epithelium;  SR,  stellate  reticulum;  SI,  stratum  inter¬ 
medium,  A,  ameloblasts  (inner  enamel  epithelium);  TP,  Tomes’  processes  of  the  amelo¬ 
blasts;  E,  young  enamel.  Magnification  X  400, 

Newly  deposited  enamel  is  insoluble  in  the  acids  that  are  used 
for  the  decalcification  of  specimens.  As  a  result  we  find  the  enamel 
preserved  in  sections  through  tooth  germs  in  the  early  stages  of 
enamel  formation;  it  stains  dark  purple  with  hematoxylin  and 
eosin  (Fig.  61).  In  the  months  following  its  deposition  the  young 
enamel  undergoes  a  process  of  maturation  which  renders  it  acid- 
soluble;  therefore,  in  decalcified  specimens  of  tooth  germs  in 
more  advanced  stages  of  enamel  development,  the  enamel  is 
completely  dissolved,  which  leaves  an  empty  space  between 
dentin  and  enamel  epithelium.  The  mature  enamel  of  adult 
teeth  is  likewise  dissolved  by  acid. 

Formation  of  Pits  and  Fissures. — The  pits  and  fissures  in  the 
crowns  of  bicuspids  and  molars  are  the  result  of  differences  in  the 
thickness  of  the  enamel  in  adjacent  areas.  The  O'cclusal  surface 
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of  a  molar  is  formed  in  the  following  way:  Each  cusp  begins  to 
calcify  as  a  separate  center  of  calcification.  As  these  calcified  areas 
grow  larger,  they  come  in  contact  and  are  united,  and  then  enamel 
formation  continues  until  the  enamel  attains  its  normal  thickness. 
Thick  deposits  are  laid  down  on  the  cusps  of  these  teeth,  and 


61— Crown  of  deciduous  molar  at  nine  months.  The  enamel  deposition  is  nearly 
completed,  but  most  of  it  is  still  immature  and,  therefore,  has  not  been  dissolved  by  decal¬ 
cification.  P,  pulp;  D,  dentin;  E,  enamel;  EE,  enamel  epithelium;  HS,  Hertwig’s  sheath; 
TF,  tooth  follicle;  B,  bony  crypt.  Magnification  X  10. 

relatively  much  less  is  deposited  between  them,  that  is,  along  the 
lines  of  union  of  the  original  centers  of  calcification.  Also  the 
deposition  between  the  cusps  stops  first,  so  that  this  enamel  is 
relatively  very  thin.  Thus,  crevices  with  steep  walls  are  formed 
between  the  cusps  (see  Plate  III).  The  various  steps  in  the  de¬ 
velopment  of  the  crown  of  a  human  molar  are  illustrated  dia- 
grammatically  in  Fig.  62. 

Changes  in  the  Enamel  Organ. — Once  enamel  formation  has 
begun  the  enamel  organ  becomes  greatly  reduced  in  size.  The 
stellate  reticulum  disappears  first  near  the  tip  of  the  tooth  and 
later  along  the  sides  of  the  forming  crown.  Then  only  the  outer 
and  inner  enamel  epithelium  (ameloblasts)  remain  (Fig.  63).  At 
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the  apical  end  of  the  tooth  germ  the  outer  and  inner  enamel 
epithelium  form  a  loop  or  duplicature,  the  epithelial  sheath  of 


Fig.  62.— Diagram  illustrating  four  successive  stages  in  the  formation  of  the  occlusal 
fissures  in  a  human  molar.  Upper  left:  Two  separate  centers  of  calcification  of  a  mesial 
and  distal  cusp.  (Compare  radiograph,  Fig.  71,  6.)  Upper  right:  Centers  of  calcification 
united.  Appearance  of  tubercles  of  enamel  and  dentin  next  to  the  point  of  union.  Lower 
left:  Advanced  deposition  of  enamel.  The  fissure  is  formed  by  a  relative  retardation  of 
enamel  formation  in  the  center  of  the  occlusal  surface  and  rapid  growth  of  the  enamel 
tubercles  on  either  side  of  this  area  of  retardation.  Lower  right:  Enamel  and  fissure  fully 
formed.  (Kronfeld,  Jour.  Am.  Dent.  Assn.) 


Fig.  63.  Enamel  organ  in  the  later  stages  of  enamel  formation.  Second  deciduous  molar 
at  nine  months.  The  stellate  reticulum  and  stratum  intermedium  have  disappeared.  TF, 
connective  tissue  of  the  tooth  follicle;  OEE,  outer  enamel  epithelium;  A,  ameloblasts 
(inner  enamel  epithelium);  E,  enamel  lost  by  decalcification.  Magnification  X  380. 

Hertwig.  In  more  developed  tooth  germs  remnants  of  the  stellate 
reticulum  are  usually  found  near  Hertwig’s  sheath. 
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After  the  crown  is  completed  and  the  primary  cuticle  has  been 
formed,  the  ameloblasts  disappear;  until  eruption,  however,  the 


Fig.  64.— Lower  first  permanent  molar  at  three  years.  The  enamel  formation  is  com¬ 
pleted;  the  enamel  was  mature  and  was  therefore  dissolved  by  the  acid  except  for  some 
minute  traces.  The  surface  of  the  crown  is  covered  by  the  united  enamel  epithelium.  Root 
formation  has  just  started.  E,  enamel;  EE,  enamel  epithelium;  R,  beginning  formation  of 
the  root;  EIS,  Hertwig’s  sheath;  TF,  tooth  follicle;  DL,  dental  lamina;  MC,  mandibular 
canal  containing  nerve  and  artery;  BM,  bone  marrow;  CB,  compact  bone  of  mandible. 
Magnification  X  8. 

enamel  remains  covered  by  several  layers  of  squamous  epithelial 
cells,  the  united  enamel  epithelium  (Fig.  64). 

Formation  of  Dentin. — F)entin  is  formed  by  a  transformation 
of  Korff’s  hbers  into  dentinal  matrix.  Korff’s  hbers  are  connective 
tissue  fibers  of  the  pulp  tissue.  The  old  concept  that  the  odonto- 
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blasts  themselves  form  the  dentin  has  been  disproved  by  recent 
investigations;  apparently  all  they  do  is  furnish  Tomes’  fibers  in 
the  dentinal  tubules.  The  dentinal  matrix  is  at  first  uncalcified 
(predentin,  dentinoid);  it  calcifies  later  by  the  precipitation  of 


Fig.  65.  Formation  of  the  root.  Upper  deciduous  incisor  shortly  before  eruption;  age, 
nine  months.  The  enamel  formation  is  completed,  and  root  formation  has  commenced. 
OF,  oral  epithelium;  EE,  enamel  epithelium;  CEJ,  cemento-enamel  junction;  R,  root; 
HS,  Hertwig’s  sheath;  AB,  alveolar  bone.  Magnification  X  10. 


globules  of  calcium  salts.  The  process  of  dentin  calcification  has 
been  discussed  and  illustrated  in  Chapters  III  and  V. 

Dentin  formation  continues  throughout  life  as  long  as  the  pulp 
is  intact.  The  rate  of  deposition,  however,  varies  with  age;  before 
eruption  and  in  the  first  years  thereafter  dentin  is  formed  much 
more  rapidly  than  later  in  life. 
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Formation  of  the  Root. — Root  formation  begins  after  the  enamel 
has  been  formed  as  far  as  the  cemento-enamel  junction.  The 
dentin  of  the  root  is  formed  by  the  pulp,  the  cementum  being 
deposited  upon  it  by  the  cementoblasts  of  the  tooth  follicle 

(Fig.  65). 


66— Hertwig’s  sheath  at  the  end  of  the  forming  root.  Higher  magnification  of  Fig. 
65.  P,  pulp;  Od,  odontoblasts;  Di,  predentin;  D,  dentin;  Cb,  cementoblasts;  ER,  epithelial 
rests  of  Malassez;  HS,  Hertwig’s  epithelial  sheath  consisting  of  two  layers  of  squamous 
epithelial  cells;  TF,  connective  tissue  of  tooth  follicle;  AB,  alveolar  bone.  Magnification 

X  200. 

Hertwig’s  sheath  encircles  the  open  end  of  every  forming  root. 
It  consists  of  two  layers  of  squamous  epithelial  cells  (Fig.  66). 
The  outer  cell  layer  is  derived  from  the  outer  enamel  epithelium 
of  the  enamel  organ,  and  the  inner  layer  from  the  inner  enamel 
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epithelium.  At  the  end  of  Hertwig’s  sheath  the  two  layers  of 
epithelial  cells  meet  and  are  joined. 

Hertwig  s  sheath  determines  the  shape  of  the  root  and  regu¬ 
lates  dentin  formation.  In  multi-rooted  teeth  there  is  a  separate 
one  on  each  of  the  forming  roots.  During  root  formation  small 
groups  of  epithelial  cells  are  constantly  being  detached  from 
Hertwig  s  sheath  and  become  embedded  in  the  connective  tissue 
near  the  root  surface;  these  form  the  epithelial  rests  of  Malassez 
of  the  periodontal  membrane.  Hertwig’s  sheath  disappears  after 
the  apical  foramen  is  formed. 

Formation  of  the  Periodontal  Membrane  and  Alveolar  Bone. — 

The  alveolar  bone  is  formed  by  intramembranous  ossification  in 
the  maxilla  and  mandible.  In  the  mandible  this  takes  place 
around  Meckel’s  cartilage.  Before  eruption  the  tooth  germ  lies 
in  its  bony  crypt  surrounded  by  the  loose  connective  tissue  of  the 
tooth  follicle.  During  and  after  eruption  the  bone  grows  nearer 
to  the  root  surface,  the  fibers  of  the  tooth  follicle  being  rearranged 
so  as  to  run  from  the  cementum  to  the  bone  and  form  the  fiber 
bundles  of  the  periodontal  membrane. 

Eruption  of  the  Teeth. — The  eruption  of  teeth  is  a  complex 
process  not  yet  fully  understood  in  all  its  phases.  Several  factors 
are  involved,  and  it  is  certain  that  during  the  eruptive  process 
they  alternate  as  to  their  relative  importance. 

1.  The  growth  of  the  root  actively  contributes  to  eruption. 
Hertwig’s  sheath  is  a  relatively  fixed  point  during  root  formation; 
if  it  remains  stationary  while  the  root  becomes  longer  by  the  for¬ 
mation  of  new  dentin  and  cementum,  the  crown  must  move  occlu- 
sally  and  finally  erupt. 

2.  The  tissue  tension  of  the  juvenile  pulp  and  connective 
tissue  very  likely  plays  a  role  in  eruption.  The  good  vascular¬ 
ization  and  active  cell  division  in  the  young  dental  tissue  could 
easily  raise  the  tooth  germ  out  of  its  crypt. 

3.  Every  tooth  has  an  inherent  tendency  to  move  in  an  occlusal 
direction.  This  tendency  even  persists  long  after  root  formation 
has  been  completed.  The  alveolar  bone  passively  fills  in  behind 
the  moving  tooth. 

4.  Bone  resorption  is  no  doubt  of  some,  though  minor,  im¬ 
portance  in  the  eruptive  process.  The  crown  tends  to  become 
exposed  by  resorption  of  the  crest  of  bone  surrounding  the  crypt. 
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Formation  of  the  Gingivah  Crevice.— After  the  enamel  for¬ 
mation  has  been  completed  and  before  the  tooth  has  erupted,  the 
enamel  is  covered  by  and  united  with  the  enamel  epithelium,  and 
before  the  tip  of  the  crown  reaches  the  oral  cavity  the  enamel 
epithelium  becomes  united  with  the  overlying  mucous  membrane. 


Fig.  67— Eruption  of  tooth  and  formation  of  epithelial  attachment  and  gingival  crevice. 
Labiolingual  section  through  an  erupting  lower  deciduous  central  incisor;  age,  nine  months. 
The  outline  of  the  enamel,  which  was  lost  by  decalcification  of  the  specimen,  is  indicated 
by  a  black  line.  Approximately  one-half  of  the  height  of  the  enamel  on  the  labial  and  lingual 
sides  of  the  crown  is  still  in  organic  union  with  the  gingival  tissues.  The  depth  of  the  gin 
gival  crevice  on  the  labial  side  is  zero,  on  the  lingual  side,  0.8  mm.  P,  pulp,  D,  dentin,  E, 
enamel;  CEJ,  cemento-enamel  junction;  EA,  epithelial  attachment  to  the  enamel;  BC, 
bottom  of  gingival  crevice.  Magnification  X  15. 

By  the  time  the  enamel  projects  into  the  oral  cavity  the  enarnel 
epithelium  has  become  the  epithelial  attachment,  and  the  gin¬ 
gival  margin  forms  at  the  point  where  the  oral  epithelium  and 

the  enamel  epithelium  have  become  united  (Fig.  67). 

Formation  of  the  Secondary  Cuticle. — The  secondary,  homi- 
fied  cuticle,  which  is  formed  by  the  cells  of  the  epithelial  attach- 
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merit,  is  deposited  by  these  cells  upon  the  tooth  surface,  both 
enamel  and  cementum,  and  is  found  there  after  the  epithelial 
attachment  has  become  detached  and  the  tooth  has  erupted.  Be¬ 
cause  the  secondary  cuticle  is  not  confined  to  the  enamel  but 

may  be  found  anywhere  on  the  erupted  tooth  surface,  it  has  been 
called  cuticula  dentis. 

Relative  Position  of  Deciduous  and  Permanent  Teeth. — 

The  continuation  of  the  dental  lamina,  which  forms  the  bud  for 
the  permanent  tooth,  is  located  on  the  lingual  and  occlusal  sides 
of  the  enamel  organ  of  the  deciduous  tooth.  As  a  result,  all  perma¬ 
nent  tooth  germs  are  originally  located  on  the  lingual  and  occlusal 
sides  of  the  deciduous  teeth  (see  Fig.  59,  page  100).  Thus,  as 
the  latter  grow  and  move  occlusively  the  permanent  tooth  germs 
are  on  the  lingual  side  of  their  roots  (Fig.  68).  Finally,  when  the 
deciduous  teeth  have  erupted,  the  permanent  tooth  germs  have 
been  left  so  far  behind  in  the  jaws  that  they  lie  near  the  apices 
of  the  deciduous  anterior  teeth  and  between  the  spreading  roots 
of  the  deciduous  molars.  From  this  position  the  eruptive  move¬ 
ment  carries  the  permanent  teeth  occlusally,  which  movement 
resorbs  the  roots  of  the  deciduous  teeth. 

Shedding  of  the  Deciduous  Teeth. — Shedding  is  the  process  of 
physiological  elimination  of  the  deciduous  teeth  and  their  re¬ 
placement  by  permanent  teeth. 

Primarily  this  is  the  result  of  the  growth  and  eruption  of  the 
permanent  successors  (Fig.  69).  As  the  crown  of  the  permanent 
tooth  approaches  the  deciduous  root,  it  causes  pressure  upon  the 
connective  tissue  between  the  two;  osteoclasts  form  as  a  response 
to  this  pressure  and  resorb  the  root  of  the  deciduous  tooth. 
This  resorptive  process  begins  at  the  apex  of  the  deciduous  root 
or  on  the  side  of  the  root  facing  the  permanent  crown.  As  the 
permanent  tooth  germ  grows  and  moves  occlusally,  resorption 
of  the  deciduous  root  progresses  crownward  until  almost  the  en¬ 
tire  root  is  resorbed  and  the  deciduous  tooth  is  lost  (Fig.  70). 

The  eruption  of  the  permanent  teeth  is  not  continuous  but 
intermittent;  as  a  result,  periods  of  active  resorption,  during 
which  the  deciduous  tooth  may  be  loose,  alternate  with  periods 
of  inactivity  of  the  permanent  germ,  during  which  the  deciduous 
tooth  may  be  firm. 

Occasionally  the  germ  of  a  permanent  incisor,  cuspid,  or  bi¬ 
cuspid  may  be  missing,  or  it  may  develop  in  such  a  position  that 
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it  cannot  erupt.  Then  the  corresponding  deciduous  tooth  may  be 
retained  in  the  jaw  long  past  its  normal  shedding  time,  sometimes 
for  several  decades. 


Fig.  68. — Position  of  germs  of  deciduous  and  permanent  cuspid,  jaw  ridge,  and  nasal 
cavity  at  six  months.  Ill,  deciduous  cuspid  showing  pulp,  dentin,  and  the  (partly  dissolved) 
enamel;  3,  permanent  cuspid  located  on  the  lingual  side  of  and  slightly  above  the  decidu¬ 
ous  tooth  germ;  PA,  palatine  artery;  IM,  inferior  nasal  meatus;  IT,  inferior  turbinate; 
CF,  muscles  and  fat  tissue  in  the  canine  fossa.  Magnification  X  5.  (Logan,  Jour.  Am. 
Dent.  Assn.) 


Histology  of  the  Deciduous  Teeth.— Before  concluding  the 
subject  of  dental  histology,  the  histology  of  the  deciduous  teeth 
will  be  reviewed  briefly. 

The  enamel,  dentin,  and  cementum  of  deciduous  teeth  are 
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structurally  identical  with  those  of  the  permanent  dentition,  ex¬ 
cept  that  each  is  thinner  in  keeping  with  the  smaller  size  of  the 
deciduous  teeth.  The  pulp  chambers  are  relatively  large,  a  fact 
which  IS  of  considerable  importance  in  cavity  preparation  for 
children.  The  thickness  of  the  periodontal  membrane  is  about 
the  same  as  for  permanent  teeth. 


Pig.  69.  Shedding  of  a  deciduous  molar.  Advanced  root  resorption  caused  by  the  crown 
of  the  erupting  permanent  tooth.  P,  D,  E,  EE,  pulp,  dentin,  enamel  and  enamel  epithelium 
of  permanent  tooth;  Pi,  A,  pulp  and  dentin  of  deciduous  molar;  R,  osteoclastic  resorption 
of  the  under  surface  of  the  deciduous  tooth;  AB,  alveolar  bone.  Magnification  X  11. 

The  position  of  the  gingival  tissues  on  the  tooth  surface  goes 
through  the  same  changes  as  it  later  does  on  the  permanent  teeth. 
The  bottom  of  the  gingival  crevice  is  first  on  the  enamel,  then 
passes  the  cemento-enamel  junction  onto  the  cementum,  so  that 
at  the  time  of  shedding  the  cervical  portion  of  the  root  is  usually 
exposed.  However,  these  changes  in  the  relation  of  the  gingival 
tissues  to  the  tooth  occur  much  faster  in  deciduous  than  perma- 
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nent  teeth,  since  the  life  span,  of  the  deciduous  tooth  is  relatively 
short. 

The  main  differences  between  deciduous  and  permanent  teeth 
are  the  result  of  the  transitory  nature  of  the  deciduous  dentition. 
Thus,  the  deposition  of  cementum  is  stopped  by  resorption  of  the 
roots  before  it  becomes  thick.  Likewise  there  is  little  abrasion  or 
secondary  dentin  formation,  because  the  deciduous  teeth  are 
usually  shed  before  they  are  much  worn.  If,  however,  a  deciduous 


Pjg.  70.— Resorption  of  a  deciduous  molar.  Higher  magnification  of  the  under  surface 
of  the  deciduous  tooth  in  Fig.  69.  D,  dentin;  C,  cementum;  HL,  Howship’s  lacunae  con¬ 
taining  osteoclasts,  Oc;  CT,  connective  tissue  of  tooth  follicle;  EE,  enamel  epithelium  and 
E,  enamel  of  permanent  tooth.  Magnification  X  90. 

tooth  is  retained  for  a  long  time  after  its  normal  dme  for  shedding, 
then  it  may  be  considerably  worn  down  and  its  pulp  chamber 

obliterated  by  secondary  dentin  formation. 

Data  for  the  Development  of  the  Deciduous  and  Permanent 
Dentition.— The  results  of  the  most  recent  histological  and  clinical 
investigations  on  the  calcification  and  eruption  of  the  deciduous 
and  permanent  teeth  will  be  outlined  here.  The  following  data 
will  be  given  for  each  tooth:  beginning  of  calcification,  completion 
of  enamel,  eruption,  and  completion  of  root;  and  for  the  deciduous 
teeth,  the  beginning  of  root  resorption  and  time  of  shedding. 

Calcification  was  considered  to  have  begun  when  a  small  cap  of 
dentin  and  enamel  first  appeared  on  the  tooth  germ.  Fig.  59  shows 

a  tooth  germ  in  this  stage. 
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EQamel  formation  was  considered  completed  when  the  enamel 
had  been  formed  to  the  cemento-enamel  junction,  the  crown  had 
attained  its  final  shape,  and  there  was  no  more  evidence  of  ac¬ 
tivity  of  ameloblasts. 

The  eruption  time  was  determined  by  clinical  observation. 
It  must  be  clearly  understood,  however,  that  there  exist  wide 
physiological  variations  in  the  eruption  time  of  deciduous  and 
permanent  teeth.  Race,  climate,  nutrition,  living  conditions,  and 
sex  have  a  definite  influence  upon  it.  Usually  the  teeth  erupt 
earlier  in  warm  climates  than  in  cold  ones,  earlier  among  city 
than  country  people,  and  a  few  months  earlier  in  girls  than  in 
boys.  None  of  these  variations  could  be  considered  here,  however, 
in  this  brief  discussion. 

The  root  was  said  to  be  completed  when  the  apical  foramen 
was  formed  and  Hertwig’s  sheath  had  disappeared.  This  could 
be  determined  both  clinically  and  histologically.  The  onset  of 
resorption  of  the  roots  of  the  deciduous  teeth  was  ascertained  in 
the  same  way.  Shedding  of  the  deciduous  teeth  and  eruption  of 
the  permanent  ones  practically  coincide,  since  normally  there  is 
an  interval  of  only  a  few  weeks  or,  at  most,  months  between 
the  two. 

Deciduous  Dentition 

I.  Upper  and  lower  central  incisors: 

Calcification  begins :  five  months  in  utero 
Enamel  completed :  four  months 
Eruption :  six  to  eight  months 
Root  completed :  one  and  one-half  to  two  years 
Root  resorption  begins :  four  to  five  years 
Shedding:  six  to  seven  years 

II.  Upper  and  lower  lateral  incisors: 

Calcification  begins:  five  months  in  utero 
Enamel  completed :  five  months 
Eruption :  eight  to  ten  months 
Root  completed :  one  and  one-half  to  two  years 
Root  resorption  begins :  four  to  five  years 
Shedding :  seven  to  eight  years 

III.  Upper  and  lower  cuspids: 

Calcification  begins :  six  months  in  utero 
Enamel  completed :  nine  months 
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Eruption :  sixteen  to  twenty  months 
Root  completed:  two  and  one-half  to  three  years 
Root  resorption  begins:  six  to  seven  years 
Shedding:  ten  to  twelve  years 
IV.  Upper  and  lower  first  molars: 

Calcihcation  begins:  hve  months  in  utero 
Enamel  completed :  six  months 
Eruption :  twelve  to  sixteen  months 
Root  completed:  two  to  two  and  one-half  years 
Root  resorption  begins:  four  to  hve  years 
Shedding:  nine  to  eleven  years 
V.  Upper  and  lower  second  molars: 

Calcihcation  begins :  six  months  in  utero 
Enamel  completed:  ten  to  twelve  months 
Eruption :  twenty  to  thirty  months 
Root  completed:  three  years 
Root  resorption  begins:  four  to  hve  years 
Shedding :  ten  to  twelve  years 

Permanent  Dentition 

I.  Central  incisors: 

1 .  U pper — 

Calcihcation  begins :  three  to  four  months 
Enamel  completed:  four  to  hve  years 
Eruption :  seven  to  eight  years 
Root  completed :  ten  years 

2.  Lower — 

Calcihcation  begins:  three  to  four  months 
Enamel  completed:  four  to  hve  years 
Eruption :  six  to  seven  years 
Root  completed :  nine  years 

II.  Lateral  incisors: 

1 .  U pper— 

Calcihcation  begins :  one  year 
Enamel  completed:  four  to  hve  years 
Eruption :  eight  to  nine  years 
Root  completed:  eleven  years 
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2.  Lower — 

Calcification  begins:  three  to  four  months 
Enamel  completed :  four  to  five  years 
Eruption :  seven  to  eight  years 
Root  completed:  ten  years 

III.  Cuspids: 

1 .  U  pper — 

Calcification  begins:  four  to  five  months 
Enamel  completed :  six  to  seven  years 
Eruption :  eleven  to  twelve  years 
Root  completed:  thirteen  to  fifteen  years 

2.  Lower — 

Calcification  begins:  four  to  five  months 
Enamel  completed :  six  to  seven  years 
Eruption :  nine  to  ten  years 
Root  completed:  twelve  to  fourteen  years 

IV.  Eirst  bicuspids: 

1 .  U pper — 

Calcification  begins:  one  and  one-half  to  one  and 
three-quarters  years 
Enamel  completed :  five  to  six  years 
Eruption:  ten  to  eleven  years 

Root  completed :  twelve  to  thirteen  years 

2.  Lower — 

Calcification  begins:  one  and  three-quarters  to  two 
years 

Enamel  completed :  five  to  six  years 

Eruption :  ten  to  twelve  years 

Root  completed :  twelve  to  thirteen  years 

V.  Second  bicuspids: 

1 .  U pper — 

Calcification  begins:  two  to  two  and  one-quarter 
years 

Enamel  completed :  six  to  seven  years 

Eruption :  ten  to  twelve  years 

Root  completed :  twelve  to  fourteen  years 
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2.  Lower — 

Calcification  begins :  two  and  one-quarter  to  two  and 
one-half  years 

Enamel  completed :  six  to  seven  years 

Eruption :  eleven  to  twelve  years 

Root  completed:  thirteen  to  fourteen  years 

VI.  Upper  and  Lower  eirsp  molars: 

Calcification  begins:  at  birth 

Enamel  completed:  two  and  one-half  to  three  years 
Eruption :  six  to  seven  years 
Root  completed:  nine  to  ten  years 

VII.  Second  molars: 

1 .  U pper — 

Calcification  begins:  two  and  one-half  to  three  years 
Enamel  completed:  seven  to  eight  years 
Eruption :  twelve  to  thirteen  years 
Root  completed:  fourteen  to  sixteen  years 

2.  Lower — 

Calcification  begins:  two  and  one-half  to  three  years 
Enamel  completed:  seven  to  eight  years 
Eruption:  eleven  to  thirteen  years 
Root  completed :  fourteen  to  fifteen  years 

VII.  Third  molars: 

1 .  U pper — 

Calcification  begins :  seven  to  nine  years 
Enamel  completed:  twelve  to  sixteen  years 
Eruption :  seventeen  to  twenty-one  years 
Root  completed :  eighteen  to  twenty-five  years 

2.  Lower — 

Calcification  begins:  eight  to  ten  years 
Enamel  completed:  twelve  to  sixteen  years 
Eruption:  seventeen  to  twenty-one  years 
Root  completed:  eighteen  to  twenty-five  years 

If  these  data  are  arranged  in  the  form  of  a  table,  they  appear 
as  on  page  117. 

The  most  important  facts  concerning  the  development  of  the 
permanent  dentition  are: 


DEVELOPMENT  OF  THE  HUMAN  DECIDUOUS  AND  PERMANENT  DENTITION 

(Logan  and  Kronfeld;  Jour.  Am.  Dent.  Assn.) 
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Jncisors 

The  upper  and  lower  central  incisors  begin  to  calcify  during 
the  first  six  months  of  life. 

The  lower  lateral  incisors  begin  to  calcify  simultaneously  with 
the  central  incisors;  the  upper  lateral  incisors,  however,  do  not 
show  evidence  of  calcification  until  the  age  of  approximately 
one  year.  ’ 

Cuspids 

The  cuspids  begin  to  calcify  during  the  first  six  months,  only 
one  or  two  months  later  than  the  central  incisors. 

Bicuspids 

The  bicuspids  begin  to  calcify  between  the  ages  of  one  and 
one-half  and  two  and  one-half  years;  the  upper  bicuspids  are 
somewhat  ahead  of  the  lower  ones,  and  the  first  bicuspids  are 
ahead  of  the  second  bicuspids. 

At  birth  and  during  the  first  year  of  life  the  germs  of  the  bi¬ 
cuspids  lie  on  the  occlusal  side  of  the  crowns  of  their  deciduous 
predecessors.  Duing  the  second  year  they  are  found  on  the  lingual 
side  of  the  deciduous  molars,  and  from  the  third  year  on  to  the 
time  of  eruption  the  bicuspids  are  located  between  and  above 
(maxilla)  or  below  (mandible)  the  roots  of  the  deciduous  molars. 

First  Molars 

The  first  permanent  molars  begin  to  calcify  at  birth  or  shortly 
thereafter.  Occasionally  in  the  newborn,  calcification  has  begun 
in  the  buccomesial  cusp.  During  the  first  three  months  of  post¬ 
natal  life  calcification  begins  in  all  cusps.  At  about  six  months  the 
cusps  begin  to  fuse,  and  at  the  age  of  three  years  the  enamel 

is  completed. 

Second  Molars 

The  calcification  of  the  second  molars  begins  toward  the  end 
of  the  third  year. 

Third  Molars 

The  calcification  of  the  third  molars  may  begin  any  time  after 
the  seventh  year.  The  upper  third  molars  usually  precede  the 
lower  ones. 
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The  calcification  of  the  permanent  dentition  is  entirely  a  post¬ 
natal  process;  at  birth  no  calcification  is  found  in  any  of  the 
permanent  teeth  except  for  an  occasional,  small  amount  in  the 
first  permanent  molars. 

At  the  age  of  one  year  calcification  is  well  under  way  in  the 
first  permanent  molars  and  in  the  six  anterior  teeth,  with  the 
exception  of  the  upper  lateral  incisors. 

At  the  age  of  three  years  calcification  has  begun  in  all  of  the 
permanent  teeth  except  the  third  molars;  the  enamel  of  the 
first  permanent  molars  is  completed. 

Between  four  and  five  years  the  enamel  of  the  incisors  is  fully 
formed,  and  between  five  and  seven  years  the  enamel  of  all  the 
remaining  permanent  teeth,  with  the  exception  of  the  third 
molars,  is  completed. 

LABORATORY  EXERCISES 

The  laboratory  work  on  tooth  development  should  consist  of 
studying  and  drawing  at  least  one  specimen  of  each  of  the  three 
staps  and  one  specimen  illustrating  shedding.  A  variety  of  ma¬ 
terial  can  be  used  for  this  purpose,  since  the  development  of  the 
teeth  in  most  mammals  is  very  similar  to  that  in  man.  Animal 
tissues  can  be  used  to  advantage  for  the  first  and  second  stages, 

embryos  of  monkey,  dog,  cat,  pig,  and  sheep  being  equally  well 
suited  for  this  purpose. 

In  specimens  illustrating  the  earliest  stages  of  tooth  develop¬ 
ment  the  general  distribution  of  tissues  and  structures  in  the 
head  of  the  embryo  should  be  noted,  such  as  the  nose,  orbits, 
palate,  tongue,  and  Meckeks  cartilage.  After  the  tooth  buds  have 
been  located,  the  relationship  between  them  and  the  oral  epi¬ 
thelium,  connective  tissue,  and  bone  must  be  carefully  observed. 
Usually  there  are  a  short  dental  lamina  and  the  condensation  of 
connective  tissue,  indicating  the  later  dental  papilla. 

In  specimens  showing  the  second  stage  of  dental  development, 
special  attention  must  be  given  to  the  enamel  organ  and  its 
various  layers.  Outer  enamel  epithelium,  stellate  reticulum,  inter¬ 
mediate  layer,  and  inner  enamel  epithelium  should  be  marked. 
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The  dental  lamina  can  usually  be  found,  and  its  connection  with 
the  oral  epithelium  is  apparent.  The  germ  for  the  permanent 
tooth  germ  is  located  at  the  end  of  the  dental  lamina.  On  the 
outside  of  the  enamel  organ  the  first  evidence  of  a  tooth  follicle 
is  visible,  and  beyond  it  bone  spicules  have  begun  to  arrange 
themselves  to  form  the  tooth  crypt.  Inside  of  the  enamel  organ 
is  the  well  vascularized  connective  tissue  of  the  dental  papulla. 

For  the  study  of  the  third  stage,  two  specimens  should  be  used, 
one  for  the  early  phases  of  enamel  and  dentin  formation  and  one 
for  an  advanced  stage  in  which  the  root  has  begun  to  form.  In 
the  first  specimen  the  bell-shaped  enamel  organ  can  still  be  recog¬ 
nized.  At  the  tip  of  the  dental  papilla  the  pulp  cells  have  assumed 
the  typical  shape  of  odontoblasts,  and  a  thin  shell  of  dentin  has 
been  laid  down,  which  stains  light  pink  with  hematoxylin  and 
eosin.  The  cells  of  the  inner  enamel  epithelium  have  been  trans¬ 
formed  into  tall,  cylindrical  ameloblasts  which  have  formed  the 
enamel  (stained  dark  purple  or  almost  black).  The  stellate  reticu¬ 
lum  is  usually  quite  thin  near  the  center  of  the  enamel  organ. 
Otherwise  this  stage  of  development  is  little  different  from  the 
previous  one. 

If  the  specimens  examined  have  more  enamel  and  dentin  al¬ 
ready  formed,  the  appearance  is  quite  different.  The  entire  sur¬ 
face  of  the  pulp  has  become  transformed  into  odontoblasts.  Pre¬ 
dentin,  dentin,  and  dentinal  tubules  are  plainly  visible.  The  pulp 
is  flanked  on  either  side  by  Hertwig’s  sheath,  and  a  close  ex¬ 
amination  will  reveal  that  this  sheath  consists  of  two  thin  layers 
of  epithelial  cells,  an  outer  layer,  which  is  a  continuation  of  the 
outer  enamel  epithelium,  and  an  inner  layer,  which  is  continuous 
with  the  ameloblasts.  Above  Hertwig’s  sheath  some  stellate  reticu¬ 
lum  is  still  visible.  The  surface  of  the  enamel  is  covered  by  a 
double  layer  of  cells,  the  ameloblasts  near  the  enamel  and  the 
outer  enamel  epithelium  near  the  tooth  follicle.  The  latter  is 
plainly  visible  5  it  comprises  all  the  tissue  between  the  outer  enamel 
epithelium  and  the  bone  of  the  tooth  crypt. 

In  specimens  in  which  root  formation  has  already  started,  the 
united  enamel  epithelium,  the  location  of  the  cemento-enamel 
junction,  and  especially  Hertwig’s  sheath  at  the  open  root  end 
should  be  noted. 

Shedding  can  best  be  studied  in  sections  through  jaws  of 
children  or  young  cats,  dogs,  or  monkeys  that  show  both  deciduous 
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and  permanent  teeth  in  their  relative  positions.  The  osteoclasts 
on  the  resorbed  under  surface  of  the  deciduous  roots  are  usually 
visible.  Some  information  can  also  be  gained  from  a  study  of 
sections  through  decalcihed  deciduous  human  teeth  obtained 
hy  extraction;  however,  here  the  important  relationship  between 
deciduous  tooth  and  permanent  successor  has  been  lost. 


CHAPTER  X 


RADIOGRAPHIC  INTERPRETATION  OE  THE 
.  NORMAL  JAW  STRUCTURES 

In  modern  science  the  Roentgen  rays  are  extensively  used  in 
taking  radiographs  to  demonstrate  the  nature  and  condition  of 
internal  structures  which  are  impenetrable  to  ordinary,  visible 
light  rays.  The  penetrating  power  of  these  rays  is  in  reverse  ratio 
to  the  mineral  content  of  the  matter  being  radiographed.  Conse¬ 
quently,  enamel,  which  is  highly  calcified,  is  relatively  impene¬ 
trable;  dentin,  cementum,  and  bone,  however,  being  less  calcified 
than  enamel,  are  penetrated  somewhat,  whereas  the  pulp,  perio- 


— Radiograph  of  the  mandible  of  a  new-born.  No  calcification  of  the  first  per¬ 
manent  molar  (6)  j  five  mdn’idual  centers  of  calcification  of  the  second  deciduous  molar  (E). 

dontal  membrane,'  bone  marrow,  muscles,  and  gingival  tissues 
offer  practically  no  resistance  to  the  rays.  With  this  brief  intro¬ 
duction  we  shall  examine  a  number  of  typical  dental  radiographs 
of  human  jaws  of  different  ages. 

The  first  radiographs  were  taken  from  jaws  of  children  of 
various  ages.  The  posterior  portion  of  the  mandible  has  been 
chosen  for  this  purpose,  because  there  is  less  overlapping  of  teeth 
and  tooth  germs  in  this  area  than  in  the  anterior  part.  The  first 
picture  shows  the  mandible  of  a  new-born  (Eig.  71).  The  jaw  is 
very  thin,  and  the  greater  part  of  it  is  occupied  by  tooth  crypts.^ 

lAll  teeth  are  marked  with  numerals,  the  deciduous  teeth  with  Romans  a|djd  the 
permanent  ones  with  Arabic  numerals. 

(122) 
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Of  the  deciduous  cuspid,  about  one-third  of  the  total  height  of 
the  crown  is  calcified.  The  individual  centers  of  calcihcation  of 
the  cusps  of  the  deciduous  molars  are  visible,  but  the  center  of 
the  occlusal  surface  is  not  yet  calcified.  The  crypt  of  the  hrst 
permanent  molar  appears  empty,  indicating  that  it  contains 
merely  soft  enamel  organ  and  pulp  tissue  but  no  enamel  or  dentin. 

Fig.  72  shows  a  corresponding  area  at  the  age  of  nine  months. 
The  progress  in  the  development  of  the  jaw  and  teeth  is  very 
marked.  In  addition  to  the  general  increase  in  the  size  of  the  jaw. 


Fig.  72.  Radiograph  of  the  mandible  at  nine  months.  The  five  centers  of  calcification 
of  the  first  permanent  molar  (6)  are  beginning  to  unite;  those  of  the  second  deciduous 

molar  (V)  are  united,  but  there  is  still  an  uncalcified  area  in  the  center  of  the  occlusal 
surface. 


there  is  a  much  denser  calcification  of  bone  and  dental  structures. 
The  crowns  of  the  deciduous  molars  are  nearly  completed,  and 
formation  of  the  roots  has  begun  in  the  first  deciduous  molar. 
Also  the  hve  individual  cusps  of  the  first  permanent  molar  are 
calcihed.  All  tooth  germs  are  surrounded  by  a  dark  area,  the  tooth 
follicle,  and  a  distinct,  light  zone,  the  bony  crypt. 

The  next  stage  is  illustrated  with  a  radiograph  of  the  mandible 
of  a  child,  aged  two  years  (Fig.  73).  At  this  age  all  deciduous 
teeth  are  erupted'  their  relatively  thin  enamel  and  very  large 
pulp  chambers  can  be  seen.  The  permanent  cuspid  germ  lies  in  its 
crypt  beneath  the  deciduous  cuspid.  The  germs  of  the  bicuspids 
are  beginning  to  calcify  between  the  spreading  roots  of  the  de¬ 
ciduous  molars,  and  the  formation  of  the  germ  of  the  first  bicuspid 
is  notably  advanced.  The  crown  of  the  first  permanent  molar  is 
nearly  complete;  it  is  surrounded  by  a  definite  bony  crypt.  Be- 
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hind  and  above  the  hrst  permanent  molar  is  a  small  cavity  in  the 
bone,  the  first  evidence  of  a  crypt  for  the  second  permanent 
molar. 


Fig.  73. — Radiograph  of  the  mandible  at  two  years.  Two-thirds  of  the  height  of  the 
crown  of  the  first  permanent  molar  (6)  is  calcified;  the  first  bicuspid  (4)  appears  between 
the  roots  of  the  first  deciduous  molar  {IV).  The  forming  crypt  of  the  second  permanent 
molar  (7)  is  faintly  visible  behind  and  above  the  crypt  of  the  first  permanent  molar. 


Fig.  74.— Radiograph  of  the  mandible  at  three  years.  Four  individual  centers  of  calci¬ 
fication  are  visible  in  the  crypt  of  the  second  permanent  molar  (7),  located  in  the  ramus 
of  the  mandible.  The  crown  of  the  first  permanent  molar  is  completed;  calcification  has 
begun  in  the  second  bicuspid  (5)  and  is  quite  advanced  in  the  first  bicuspid  (4).  Note  the 
carious  destruction  on  the  occlusal  surface  of  the  first  deciduous  molar  {IV). 


In  the  radiograph  of  a  mandible  at  three  years  (Fig.  74)  the 
bicuspids,  which  consist  merely  of  a  thin  shell  of  enamel  and 
dentin,  are  located  between  the  roots  of  the  deciduous  molars 
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and  are  surrounded  by  a  circular  dark  area,  the  tooth  follicle. 
The  crown  of  the  first  permanent  molar  is  completed,  but  no 
roots  have  yet  been  formed.  In  the  crypt  of  the  second  permanent 
molar,  which  is  now  distinctly  outlined,  there  are  four  small 
individual  centers  of  calcification,  corresponding  to  the  four 
future  cusps  of  this  tooth. 

Fig.  75  shows  a  corresponding  area  taken  from  a  child  aged 
four  and  one-half  years.  The  main  difference  between  this  stage 


Fig.  75.  Radiograph  of  the  mandible  at  four  and  one-half  years.  Two-thirds  of  the 
height  of  the  crown  of  the  second  permanent  molar  (7)  are  completed;  the  crown  of  the 
rst  permanent  molar  (6)  has  been  raised  from  its  crypt  by  the  formation  of  about  one- 
alf  the  length  of  its  roots.  Note  the  wide  open  root  ends  of  the  first  permanent  molar 
The  crowns  of  the  bicuspids  (5,  4)  are  nearly  completed.  The  germ  of  the  permanent  cuspid 
(3)  lies  near  the  lower  border  of  the  mandible.  There  is  evidence  of  carious  destruction 
of  enamel  and  dentin  on  the  mesial  surface  of  the  second  deciduous  molar  (F)  and  on  the 
distal  surface  of  the  first  deciduous  molar  {IV). 


and  the  previous  one  is  the  progress  in  the  development  of  the 
permanent  teeth.  The  germs  of  the  central  incisor,  lateral  incisor, 
and  cuspid  lie  in  different  levels  in  the  mandible,  beneath  the 
corresponding  deciduous  teeth.  The  bicuspid  germs  have  become 
much  larger,  and  the  crown  of  the  first  bicuspid  is  nearly  com¬ 
pleted.  Resorption  has  begun  at  the  root  ends  of  the  deciduous 
molars,  instead  of  being  pointed,  the  normal  contour  of  an  apex, 
their  root  ends  appear  cut  off  at  the  level  to  which  the  growing 
germs  of  the  underlying  bicuspid  germs  have  developed. 

About  one-half  of  the  root  of  the  first  permanent  molar  is 
present ;  note  especially  the  wide  open  apical  foramina,  which  are 
characteristic  of  a  partially  developed  root.  Approximately  one- 
half  of  the  crown  of  the  second  molar  is  completed.  The  mandib- 
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ular  canal  and  the  compact  lo^wer  border  of  the  mandible  can 
also  be  discerned  in  this  radiograph. 

Finally,  there  are  two  typical  radiographs  of  adult  jaws.  Fig. 
76  shows  the  lower  molars  and  bicuspids  of  a  man  aged  thirty-hve 
years.  No  teeth  were  missing  in  this  jaw  except  the  third  molars, 
and  the  occlusion  was  good.  Consequently  there  is  a  well  de¬ 
veloped,  strong  alveolar  process  with  clearly  dehned  alveolar 


Fig.  76. — Radiograph  of  the  mandible  at  thirty-five  years.  In  each  tooth  enamel,  dentin 
and  pulp  cavity  can  be  distinguished.  The  fine  dark  line  around  the  root  is  the  periodontal 
membrane,  and  the  light  line  immediately  adjacent  to  it  is  the  shadow  of  the  alveolar 
bone  plate  forming  the  wall  of  the  socket.  X,  trabeculae  of  supporting  bone;  dfC,  man¬ 
dibular  canal. 

bone  proper  surrounding  the  roots  as  well  as  supporting  bone, 
which  runs  horizontally  from  one  socket  to  the  other.  Enamel, 
dentin,  pulp  chamber,  and  root  canal  can  be  distinguished  in  each 
tooth.  Large  marrow  cavities  occupy  most  of  the  lower  portion  of 
the  mandible,  which  contains  only  a  few  bone  trabeculae. 

The  other  radiograph  of  an  adult  jaw  (age,  seventy  years) 
shows  posterior  teeth  which  were  considerably  worn  down  by 
mastication  (Fig.  77).  The  occlusal  surfaces  are  flat;  the  pulp 
chambers  are  very  small  and  the  root  canals  narrow,  since  much 
secondary  dentin  has  been  formed.  The  alveolar  bone  proper 
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around  each  root  can  easily  be  distinguished ;  most  of  the  support¬ 
ing  bone,  however,  is  missing,  and  only  a  few  thin  trabecula; 
extend  from  one  alveolus  to  the  other.  This  condition  is  the  result 
of  the  loss  of  the  upper  teeth:  the  maxilla  was  edentulous,  and 
thus  the  lower  teeth  were  no  longer  subjected  to  normal  mastica¬ 
tory  force.  This  caused  resorption  and  disuse  atrophy  of  the 
supporting  bone  of  the  mandibular  teeth  (see  page  89). 


Fig.  77.  Radiograph  of  the  mandible  at  seventy  years.  The  crowns  are  worn  flat  by 
abrasion  the  pulp  chambers  are  very  small,  and  the  root  canals  narrow.  The  upper  jaw 
IS  edentulous,  the  upper  teeth  having  been  lost  long  before;  as  a  result  of  the  lack  of  mas- 

ticatory  function,  most  of  the  supporting  bone  between  the  alveoli  has  disappeared,  and 
only  the  alveolar  bone  proper  remains. 

In  these  last  two  radiographs,  Figs.  76  and  77,  the  hne  dark 
line  separating  root  and  bone  is  especially  conspicuous;  this  line 
IS  the  shadow  of  the  periodontal  membrane.  Under  normal  con¬ 
ditions  the  radiograph  shows  that  the  periodontal  membrane  is 
of  uniforrn  width  all  around  the  root  surface;  variations  from  this 
normal  width  are  the  result  of  pathological  processes  and  are  of 
significance  in  diagnosis  and  therapy. 


CHAPTER  XI 


COMPARATIVE  DENTAL  ANATOMY 

The  objective  of  this  chapter  is  to  familiarize  the  dental  student 
with  the  masticatory  apparatus  of  the  most  important  groups  of 
animals.  Rather  than  merely  to  memorize  the  dental  formulas 
and  terms,  it  is  much  more  important,  and  at  the  same  time 
more  interesting,  for  the  student  to  learn  how  nature  has  equipped 
the  various  animals  with  the  type  of  teeth  and  mastication  that 
is  best  suited  to  their  environment,  their  food,  and  living  con¬ 
ditions. 

However,  before  beginning  with  the  actual  discussion  of  the 
teeth  in  the  animal  kingdom,  it  is  necessary  to  explain  a  few  Greek 
terms  which  designate  certain  types  of  dentitions  and  which  are 
used  and  understood  by  scientists  throughout  the  world. 

Definition  of  Terms  Commonly  Used  in  Comparative  Dental 

Anatomy. 

Homodont.—A  homodont  dentition  is  one  in  which  all  teeth 
have  the  same  shape;  no  distinction  can  be  made  between  in¬ 
cisors,  canines,  molars,  etc.  However,  the  teeth  may  vary  in  size. 
An  excellent  example  of  a  homodont  dentition  is  that  of  the  croco¬ 
dile,  with  its  many  larger  and  smaller  teeth,  all  of  which  are  cone- 

shaped. 

Hetefodofit. — In  a  heterodont  dentition  there  are  several 
groups  of  teeth  with  different  shapes,  according  to  which  they  are 
classified  as  incisors,  canines,  premolars,  and  molars.  Man  has  a 
heterodont  dentition. 

Monophyodont. — A  dentition  is  monophyodont  if  it  has  only 
one  set  of  teeth.  The  rat,  for  instance,  has  a  monophyodont  denti¬ 
tion  ;  only  one  set  of  teeth  erupts,  and  it  remains  in  function 

throughout  life. 

Diphyodont.—A  diphyodont  dentition  has  two  sets  of  teeth 
usually  designated  as  deciduous  and  permanent.  Man,  monkeyq 
dog,  cat,  and  many  other  wild  and  domestic  animals  belong  in 

this  group. 

Polyphyodont—A  polyphyodont  dentition  has  many  sets  of 
teeth  in  succession.  This  type  of  dentition  is  found  only  in  the 
(128) 
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lower  forms  of  vertebrates,  such  as  fishes  and  reptiles.  It  is  the 
most  efficient  type,  since  teeth  lost  by  accident  or  injury  are 
replaced  by  new  teeth  at  any  time  of  life. 

A  few  words  must  also  be  said  about  dental  terminology  in 
general.  According  to  the  generally  accepted  anatomical  nomen¬ 
clature  the  teeth  of  all  heterodont  dentitions  are  designated  as 
follows : 

Incisivi  (English,  incisors). — The  incisivi  are  the  anterior  teeth 
of  the  jaws,  the  function  of  which  is  to  incise  or  bite  off.  They 
usually  have  the  shape  of  a  chisel  or  shovel. 

Canini  (English,  canines). — The  canini  are  the  four  teeth  on 
the  distal  side  of  the  incisivi.  Usually  they  are  roughly  cone- 
shaped.  Their  name  (Latin  canis,  dog)  indicates  that  they  reach 
their  highest  development  in  the  carnivorous  animals. 

Premolar es  (English,  premolars). — The  premolares  are  the 
teeth  between  the  canini  and  the  molares,  or  simply  the  teeth 
before  (Latin  pre^  before)  the  molars.  They  are  the  most  variable 
group  of  teeth  in  the  animal  kingdom,  varying  in  number  from 
none  to  four  on  each  side  of  the  jaw. 

Molares  (English,  molars). — The  molares  are  the  last  teeth  in 
the  jaws;  their  function  is  to  divide  and  masticate  the  food. 
Usually  they  are  large  teeth,  varying  from  one  to  four  on  each 
side  of  the  jaw. 

Thus,  the  dental  formula  of  man  is  correctly  written  as  follows: 

Deciduous  dentition: 

Incisors  f ,  Canines  y,  Molars  f 
Permanent  dentition : 

Incisors  f ,  Canines  Premolars  f.  Molars  f 

Eor  a  great  many  years  the  American  dental  profession  has 
used  the  term  cuspid  for  the  human  canine  and  bicuspid  for  the 
human  premolar.  Since  these  terms  have  become  established  in 
dental  literature  and  in  common  parlance,  they  have  also  been 
used  in  this  book.  But  it  should  be  known  that  they  are  incorrect 
from  the  viewpoint  of  anatomical  and  biological  nomenclature; 
also  that  in  the  rest  of  the  world,  including  England,  the  terms 
canine  and  premolar  are  used  exclusively. 

Teeth  of  the  Invertebrates. — Being  the  most  comprehensive 
division  of  the  animal  kingdom,  the  invertebrates  have  a  variety 
of  masticatory  apparatus,  ranging  from  no  masticatory  function 
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at  all  to  the  very  complicated  and  highly  specialized  jaws  of 
snails,  insects,  and  spiders.  But  since  none  of  these  animals  pos¬ 
sesses  teeth  that  can  compare  to  those  of  man  or  other  mammals, 
no  attempt  shall  be  made  to  include  them  in  this  brief  survey. 

Teeth  of  the  Vertebrates. — Cold-blooded  Vertebrates. — Among 
the  cold-blooded  vertebrates  there  are  three  major  groups:  the 
hshes,  the  amphibia,  and  the  reptiles.  The  teeth^of  all  these  are 
rather  similar.  The  dentition  is,  with  few  exceptions,  homodont 
and  polyphyodont;  the  teeth  are  cone-shaped  and  pointed  and 
consist  of  a  pulp  chamber,  a  core  of  dentin,  and  a  thin  covering 


Fig.  78. — Skull  of  a  shark.  The  jaw  ridges  are  studded  with  a  row  of  triangular,  saw- 

edged  teeth. 


of  enamel.  They  follow  each  other  in  rapid  succession;  for  each 
erupted  tooth  a  new  tooth  is  already  being  formed. 

The  conditions  described  above  are  found  in  most  fishes,  in  the 
frogs,  toads,  salamanders,  lizards,  crocodiles,  and  snakes.  These 
animals  have  a  temporo-mandibular  articulation  which  is  a  plain 
hinge-joint  without  lateral  excursions;  this  indicates  that  they  do 
not  actually  masticate  but  use  their  jaws  and  teeth  merely  as 
traps  to  capture  and  hold  their  prey,  which  is  then  torn  to  pieces 
or  swallowed  whole.  Several  groups  of  cold-blooded  vertebrates, 
however,  need  special  mention  because  of  certain  dental  peculi¬ 
arities. 

Among  the  fishes,  the  sharks  and  rays  or  skates  belong  in  a 
class  by  themselves  because  of  several  structural  differences  from 
the  true  fishes.  Their  skeleton  is  not  bony  but  cartilaginous,  and 
they  have  no  true  scales.  Their  dentition  is  perhaps  the  best 
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developed  of  all  animals.  The  individual  teeth  are  usually  tri¬ 
angular  and  saw-edged  (Fig.  78).  For  each  erupted  tooth  there 
are  from  four  to  six  teeth  on  the  lingual  side  of  the  jaw,  which 
are  arranged  in  successively  younger  stages  of  development,  the 
youngest  being  farthest  from  the  jaw  ridge.  They  form  in  a  fold 
of  the  mucous  membrane  along  the  inner  side  of  the  jaws;  from 
here  they  are  carried  up  towards  the  crest  of  the  jaw  where  they 


Fig.  79. — -Jaws  of  a  shark.  Same  specimen  as  Fig.  78,  seen  from  the  inner  (lingual)  side. 
For  each  erupted  tooth  in  the  mandible  and  maxilla,  there  are  3  or  4  corresponding  suc- 
cessional  teeth  located  on  the  lingual  side  of  the  jaw  (polyphyodont  dentition).  These 
successive  teeth  are  turned  away  from  the  jaw  ridge  and  are  covered  by  the  mucous  mem¬ 
brane;  as  they  erupt  they  become  upright  and  stand  nearly  vertically  on  the  crest  of  the 
jaws.  See  also  Fig.  104. 

finally  occupy  the  topmost  position  and  then  are  lost  (Fig.  79). 
This  succession  is  endless;  teeth  lost  by  natural  exfoliation  or  by 
accident  are  invariably  replaced  by  successional  teeth  (see 
Fig.  104). 

The  true  fishes  have  a  bony  skeleton.  Their  teeth  are  usually 
very  numerous;  they  are  built  of  a  special  kind  of  dentin  with 
circulatory  channels,  the  vasodentin,  and  a  small  covering  or  tip 
of  enamel.  The  teeth  are  scattered  over  the  entire  inside  of  the 
mouth,  including  the  palate  and  tongue.  The  points  of  the  teeth 
are  directed  backward  to  hold  the  prey. 
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The  turtles  have  no  teeth  at  all  but  hard,  horny  jaw  ridges 
instead,  similar  to  the  horny  beaks  of  birds. 

The  crocodiles  have  conical  teeth  set  in  sockets  along  the  edge 
of  the  jaws.  The  successional  teeth  develop  beneath  the  erupted 
ones,  causing  resorption  of  the  latter  and  finally  taking  their 
place.  Their  temporo-mandibular  articulation  is  unique  inasmuch 
as  the  mandible  is  the  stationary  part  of  the  joint,,  and  the  maxilla 
and  the  skull  move  up  and  down.  Anatomically  this  is  possible 
because  the  condyloid  process  is  in  the  upper  jaw  and  the  glenoid 
fossa  in  the  mandible.  The  entire  arrangement  is  an  ideal  adjust¬ 
ment  to  the  animal’s  prostrate  position  on  the  ground:  it  is  able 
to  open  its  mouth  without  raising  itself  from  the  ground  (Fig.  80). 


Fig.  80. — Skull  of  a  Mississippi  alligator.  The  teeth  are  cone-shaped  and  all  alike  (homo- 
dont  dentition).  Note  that  the  glenoid  fossa  is  in  the  mandile  and  the  condyloid  process 
in  the  maxilla. 

The  snakes  have  conical,  very  sharp,  recurved  teeth  which  are 
well  adapted  to  seize  living  animals  and  prevent  their  escape. 
The  bones  of  the  jaws  and  skull  are  united  by  elastic  ligaments 
which  can  be  stretched  greatly,  thus  making  it  possible  for  a 
snake  to  swallow  whole  a  relatively  large  animal.  In  the  poisonous 
snakes  the  anterior  maxillary  teeth  are  specialized  into  movable, 
hollow  or  grooved  fangs  connected  with  poison  glands.  The  poison 
fangs  may  be  rigid,  or  they  may  be  attached  to  the  maxilla  in 
such  a  way  that  they  lie  flat  against  the  roof  of  the  mouth  when 
the  jaws  are  closed  but  become  upright  when  the  mouth  is  opened. 
This  latter  arrangement  is  found  in  the  rattlesnakes. 

Birds. — The  existing  birds  have  no  teeth,  but  a  beak  or  bill 
which  consists  of  a  mesodermal,  bony  inner  portion  and  an  ecto¬ 
dermal  outer  sheath  of  horn.  However,  fossil  birds  that  lived 
millions  of  years  ago  have  true  teeth;  they  are  conical  and  re- 
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semble  the  homodont.  polyphyodont  dentitions  of  existing  rep¬ 
tiles,  such  as  the  crocodile.  In  the  embryos  of  some  existing  birds, 
tooth  germs  can  be  found  which  seem  to  be  vestigial  organs  from 
a  remote  time  in  their  development. 

Mammalia. — The  mammals  are  warm-blooded  animals  that 
nourish  their  young  with  milk.  The  major  groups  of  mammals  are : 
Monotremata  (duckbill) 

Edentata  (sloth,  armadillo) 

Marsupialia  (kangaroo,  opossum) 

Cetacea  (whale,  dolphin) 

Insectivora  (mole,  shrew) 

Chiroptera  (bats) 

Rodentia  (rat,  rabbit,  squirrel,  beaver) 

Carnivora  (cat,  dog,  bear,  seal) 

Ungulata  (horse,  cattle,  deer,  pig) 

Proboscidea  (elephant) 

Primates  (lemurs,  monkeys,  apes,  man) 

{A)  Monotremata. — The  monotremata  are  the  most  primitive 
form  of  mammals ;  they  are  the  only  ones  that  lay  eggs.  They  have 


Fig.  81. — Skull  of  an  armdaillo.  The  incisors  are  missing;  the  posterior  teeth  are  cylin¬ 
drical  with  sloping  mesial  and  distal  facets  worn  on  the  occlusal  surfaces. 


no  teeth,  but  tooth  germs  are  present  in  the  embryonic  stage. 
One  of  this  group  is  the  Australian  duckbill  which  is  a  small 
aquatic  mammal  with  a  bill  resembling  that  of  a  duck. 

{B)  Edentata. — The  next  higher  order  of  mammals  are  the 
edentata.  They  are  not  toothless,  as  the  name  would  indicate,  but 
have  a  primitive  monophyodont  and  homodont  dentition.  The 
deciduous  dentition  is  rudimentary.  The  incisors  are  missing.  The 
molars  are  cylindrical,  grow  continuously  and  have  no  enamel. 
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and  they  increase  in  size  from  the  front  backward  (Fig.  81).  In 
this  country  the  edentata  are  represented  by  the  armadillo,  a 
small  animal  with  a  shell-like  armor  that  lives  in  the  southwestern 
part  of  the  United  States.  Another  animal  of  this  group  is  the 
sloth  that  lives  in  the  tropical  forests  of  South  America. 

(C)  Marsupialia. — The  marsupialia  include  a  great  number  of 
mammals  representing  a  variety  of  forms  and  dentitions.  Their 
common  characteristic  is  that  their  young  are  born  in  a  very 
immature  state  of  development  and  then  carried  in  an  abdominal 
pouch. 

The  dentitions  of  the  marsupialia  vary  greatly  according  to 
their  living  habits  and  their  food.  Some  animals  of  this  group  have 
a  dentition  resembling  that  of  herbivores,  others  that  of  the  insec- 
tivora,  carnivora,  and  rodents.  The  Australian  kangaroo  is  a 
herbivore,  and  its  teeth  are  built  very  much  like  those  of  a  goat 
or  sheep.  The  only  North  American  marsupial,  the  opossum,  a 
small  tree-living  animal  of  nocturnal  habits,  has  the  following 
dental  formula: 

Incisors  f ,  Canines  t,  Premolars  f.  Molars  i 

It  is  one  of  the  few  mammals  with  five  incisors  on  each  side  of 
the  jaw.  Its  teeth  resemble  those  of  the  insectivora,  which  is 
explained  by  the  fact  that  their  food  is  similar,  namely  insects 
and  other  small  animals. 

(D)  Cetacea. — The  cetacea  are  warm-blooded,  sea-living  ani¬ 
mals.  They  include  the  largest  living  mammals,  the  whales,  as 
well  as  the  dolphins  and  porpoises.  The  whales  are  divided  into 
whale-bone  whales  and  toothed  whales. 

The  whale-bone  whales  have  tooth  germs  in  the  embryonic 
stages,  but  in  the  adult  animal  the  jaw  ridges  carry  large  triangu¬ 
lar  plates  of  whale-bone  or  baleen,  a  horny  substance  derived  from 
the  oral  epithelium.  The  edges  of  these  plates  are  frayed  and  thus 
act  as  a  strainer  for  small  sea  animals. 

The  toothed  whales  have  a  homodont,  monophyodont  denti¬ 
tion.  The  teeth  are  conical,  pointed,  and  curved  (Fig.  82).  The 
dolphin  has  nearly  200  teeth,  more  than  any  other  mammal  (Fig. 
83);  they  are  small,  conical,  and  sharply  pointed  and  resemble 
those  of  a  crocodile  (see  Fig.  80).  This  resemblance  is  of  interest, 
since  the  reptilian  and  mammalian  groups  are  otherwise  quite 
distinct;  it  is  the  result  of  their  identical  food  and  environment. 
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The  narwhal  has  only  one  tooth  (tusk)  which  is  an  enormous, 
straight  upper  canine. 

The  food  of  all  cetacea  consists  of  fishes  and  small  sea  animals. 
Related  to  the  cetacea  are  the  sirenia  or  sea-cows,  large, 
herbivorous  mammals  of  the  warmer  seas.  They  have  large,  flat 
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Fig.  82. — -Tooth  of  a  toothed  whale  (sperm  whale). 


teeth  or  horny  plates  built  for  crushing  seaweeds  and  other 
water  plants. 

{E)  Insectivora. — The  insectivora  are  small  mammals  which 
live  on  insects,  worms,  and  other  small  animals.  Their  heterodont, 
diphyodont  dentition  is  characterized  by  the  many  sharp,  pointed 


Fig.  83. — Mandible  of  a  dolphin.  Homodont  dentition  consisting  of  numerous  straight, 

conical,  pointed  teeth. 


cusps  which  are  well  adapted  for  crushing  the  hard  covering  of 
insects.  Usually  there  are  three  incisors,  a  canine,  three  or  four 
premolars,  and  three  molars  on  each  side  of  the  jaw.  The  two 
North  American  families  of  insectivora  are  the  moles  and  the 
shrews. 

{F)  Chiroptera. — ^The  chiroptera  or  bats  are  nocturnal  mam- 
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mals  the  forelimbs  of  which, are  modified  for  flight.  The  forearm 
and  fingers  are  elongated  and  connected  by  a  thin,  leathery  mem¬ 
brane.  The  North  American  bats  live  exclusively  on  live  insects 
caught  in  flight;  their  dentition  is  therefore  very  similar  to  that 
of  the  insectivora.  In  the  tropics,  however,  there  are  large  bats 
that  feed  on  fruit. 

{G)  Rodentia. — The  rodentia  are  numerically  the  largest  group 
of  mammals.  One  need  only  think  of  the  number  of  gophers,  rab¬ 
bits,  rats,  mice,  and  squirrels  in  the  world  to  realize  the  truth  of 


Fig.  84. — Left:  Skull  of  a  rodent  (woodchuck).  Right:  Occlusal  view  of  the  mandible 
of  the  same  skull.  Note  the  curved  upper  and  lower  incisors,  the  wide  space  betw^een  in¬ 
cisors  and  molars,  and  the  closely  arranged  molars  with  their  occlusal  enamel  ridges. 


this  statement.  Their  dentition  is  heterodont  and  usually  mono- 
phyodont;  it  represents  a  modified,  highly  specialized  herbivorous 
dentition,  especially  suited  to  hard  types  of  plant  food,  such  as 
seeds,  nuts,  and  wood.  To  cut  these  substances  the  upper  and 
lower  incisors  are  long  and  curved,  with  a  chisel-shaped  cutting 
edge  (Fig.  84);  the  enamel,  which  in  most  rodents  is  yellow  or 
brown,  is  confined  to  the  outer  (labial)  side  of  the  curvature.  The 
pulp  chamber  is  large;  the  root  is  deeply  implanted  in  the  jaw, 
the  root  end  is  wide  open,  and  Hertwig’s  sheath  persists  through¬ 
out  life  (Fig.  85).  Such  teeth  are  called  continuously-growing 
teeth,  because  the  amount  of  tooth  structure  worn. off  by  chewing 
is  continuously  replaced  by  an  equal  amount  of  enamel,  dentin, 
and  cementum  formed  at  the  root  end,  so  that  they  maintain  a 
serviceable  length  throughout  life. 
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In  the  upper  jaw  the  incisors  are  nearly  semicircular  in  shape, 
located  anterior  to  the  cheek  teeth.  In  the  mandible  the  radius 
of  the  incisor  is  greater;  the  tooth  comprises  only  about  one-third 
of  a  circle,  and  its  apical  end  is  located  below  the  roots  of  the 
molars  (Fig.  86). 

The  growth  of  the  rodent’s  incisors  is  quite  rapid.  In  the  com¬ 
mon  albino  rat,  an  animal  generally  used  for  laboratory  experi- 


Fig.  85. — Section  through  an  upper  incisor  of  an  albino  rat.  The  tooth  forms  a  half¬ 
circle.  The  enamel,  part  of  which  has  been  lost  by  decalcification,  covers  the  labial  cir¬ 
cumference  {En.  sp.).  The  root  end  is  open  and  is  surrounded  by  Hertwig’s  sheath  (odonto¬ 
genic  epithelium).  En.  ep.,  enamel  epithelium;  Al.  b.,  alveolar  bone;  Pd.  ni.,  periodontal 
membrane.  Magnification  X  8.2.  (Schour,  Anat.  Rec.) 


ments,  the  incisors  grow  and  erupt  from  2  to  3  mm.  a  week;  since 
the  total  length  of  the  incisor  varies  between  12  and  16  mm.,  all 
of  the  tooth  is  replaced  by  new  dental  tissues  every  four  or  five 
weeks. 

This  form  of  growth  can  best  be  compared  to  the  growth  of  a 
fingernail,  which  is  worn  off  in  such  a  manner  that  normally  its 
total  length  always  remains  the  same.  If  a  mark  is  made  near  the 
root  of  a  fingernail,  this  mark  will  gradually  move  toward  the 
free  end  of  the  nail  and  finally  be  worn  off.  Exactly  the  same  is 
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true  of  the  rodent’s  incisors.  A  file  cut  made  at  the  gingival  margin 
on  the  labial  side  of  a  rat’s  incisor  will  be  2  or  3  mm.  from  that 
point  one  week  later,  and  in  another  week  or  two  may  have  dis¬ 
appeared,  because  that  portion  of  the  tooth  has  been  worn  off  in 
the  meantime. 

There  are  two  kinds  of  cheek  teeth  (molars)  in  the  rodents.  One 
kind  has  a  definite  crown  with  cusps  and  several  roots,  very  much 
like  human  molars.  This  kind  is  found  in  rats,  mice,  squirrels,  and 


Fig.  86. — -Radiograph  of  one-half  of  the  mandible  of  a  porcupine.  The  apical  portion  of 
the  incisor  is  located  beneath  the  roots  of  the  four  molars. 

gophers,  animals  that  are  omnivorous  like  the  rat  and  mouse,  or 
that  live  on  relatively  soft  seeds,  and  grains.  The  dental  formula 
of  the  rat  is: 

Incisors  1,  Molars  | 

The  other  kind  of  rodent  molar  is  the  continuously-growing  type; 
it  is  prismatic,  with  flat  surfaces,  sharp  enamel  ridges,  and  wide 
open  root  ends.  Such  molars  are  found  in  the  rabbits  and  hares, 
guinea-pigs,  beavers,  and  several  other  groups  of  rodents  that 
live  exclusively  on  hard  vegetable  fiber.  These  animals  have  four 
or  five  molars  on  each  side  of  the  jaw.  The  rabbits  and  hares  have 
two  incisors  on  each  side,  the  second  one  being  a  smaller,  apparent¬ 
ly  functionless  supplementary  tooth  located  on  the  lingual  side 
of  the  central  incisor. 

All  rodents  are  essentially  herbivorous,  although  some,  like  the 
rat,  have  become  omnivorous  through  domestication.  With  their 
sharp  chisel-like  incisors  they  are  capable  of  cutting  through  the 
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hardest  wood  or  shells  of  nuts  and  other  seeds;  the  skill  and 
speed  with  which  the  beaver  cuts  through  trees  is  generally 
known.  The  temporo-mandibular  joint  permits  extensive  forward 
and  backward  movements  of  the  mandible,  which  facilitates  the 
alternate  use  of  either  the  upper  or  the  lower  incisors. 

{H)  Carnivora. — The  carnivora  are  flesh-eating,  predatory 
animals  with  a  highly  specialized,  heterodont  and  diphyodont 
dentition.  Their  teeth  are  characterized  by  relatively  small  in- 


Fig.  87. — Jaws  of  a  lion.  Note  the  small  incisors,  the  large  canines  (C)  and  the  large  upper 

carnassial  (third  premolar,  P3). 

cisors,  very  strong,  long,  pointed  canines,  and  narrow,  tritubercu- 
lar  premolars  and  molars  with  knife-like,  sagittal  cutting  edges. 

The  following  families  of  land-living  carnivora  are  found  in 
North  America:  cats,  dogs,  bears,  raccoons,  and  martens. 

Cat  Family. — The  cat  family  or  felidae  include  the  cat,  lynx, 
mountain  lion,  lion,  tiger,  etc.  These  animals  have  a  deciduous 
dentition  of  the  following  formula : 

Incisors  f.  Canines  I,  Molars  f 

The  dental  formula  of  their  permanent  dentition  is: 

Incisors  f.  Canines  x,  Premolars  f ,  Molars  x 

Their  incisors  are  very  small.  The  upper  third  premolar  and  the 
lower  hrst  molar  are  the  largest  posterior  teeth;  they  are  known 
as  the  carnassials  and  are  strong,  sharp  blades,  well  suited  for 
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tearing  and  crushing  meat  and  bone  (Figs.  87  and  88).  The  upper 
molar  of  the  cat  is  a  small  insignificant  tooth  located  on  the  lingual 
side  of  the  carnassial. 


Fig.  88. — Occlusal  view  of  the  mandible  of  a  lion.  The  jaw  is  relatively  short  and  power¬ 
ful;  the  two  premolars  and  the  molars  have  a  sagittal  cutting  edge. 

Dog  Family. — The  dog  family  or  canidae  is  represented  by  the 
dogs,  wolves,  and  foxes.  It  has  a  deciduous  dentition  of  the 
following  formula : 

Incisors  f.  Canines  y,  Molars  f 

In  domestic  dogs  usually  all  of  the  deciduous  teeth  are  shed  before 
the  animal  has  reached  one  year  of  age.  The  formula  for  their 
permanent  dentition  is: 

Incisors  f ,  Canines  i,  Premolars  t,  Molars  f 

The  largest  posterior  teeth  (carnassials)  in  the  dog  are  the  upper 
fourth  premolar  and  the  lower  hrst  molar  (Fig.  89). 

The  jaws  of  the  canidae  are,  on  the  whole,  longer  than  those  of 
the  felidae,  thus,  their  premolars  are  more  widely  spaced  in  spite 
of  their  greater  number.  Among  the  domestic  dogs,  however,  there 
is  considerable  variation  in  the  shape  of  the  skull  and  jaws:  in 
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Fig.  89. — Jaws  of  a  dog  (collie).  The  premolars  are  tritubercular  and  widely  spaced; 
the  upper  carnassial  (fourth  premolar,  P^)  articulates  with  the  lower  carnassial  (first 
molar,  M\). 


Fig.  90. — Occlusal  view  of  the  mandible  of  a  dog  (collie).  The  mandible  is  long  and 
slender.  The  cutting  edges  of  the  four  premolars  and  three  molars  are  arranged  in  a  sagittal 
plane. 
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breeds  with  short  jaws  (bulldog)  the  teeth  are  crowded;  in  those 
with  long  jaws  (collie)  there  are  wide  spaces  between  the  pre¬ 
molars  (Fig.  90). 

The  tooth  forms  of  the  felidae  and  canidae  are  adapted  to  a  pure 
meat  diet;  the  incisors  and  canines  serve  for  prehension  of  live 
prey,  the  premolars  and  molars  for  shearing  and  cutting  meat  and 
for  breaking  bones.  The  temporo-mandibular  joint  is  a  plain 
hinge  joint  that  permits  only  opening  and  closing  movements 


Fig.  91.  Jaws  of  a  black  bear.  The  incisors  and  canines  are  of  the  true  carnivorous 
t.vpe,  like  those  of  the  dogs  and  cats;  the  premolars  and  molars,  however,  are  smaller,  lack 
the  deep,  shearing  overbite,  and  occlude  end-to-end. 


without  lateral  excursions;  there  is  little  or  no  actual  mastication 
of  the  food. 

Bear  Family, — The  bears  have  a  dentition  similar  to  that  of 
the  dog  family,  except  that  the  premolars  and  molars  are  adapted 
to  a  more  mixed  diet;  they  have  lost  their  blade-like  cutting  edge 
and  have  acquired  flat  occlusal  surfaces  for  the  mastication  of 
vegetable  food  (Figs.  91  and  92).  The  temporo-mandibular  joint 
permits  lateral  excursions,  so  that  actual  grinding  masticatory 
movements  are  possible.  The  raccoon  and  the  marten  family 
(otter,  skunk,  weasel,  badger)  are  smaller  carnivorous  or  omniv¬ 
orous  animals  with  teeth  resembling  those  of  the  bears  or  the 
cats,  depending  upon  their  food. 

A  special  group  of  the  carnivora  are  the  sea-living  carnivora, 
the  seals,  sea-lions,  and  walrus.  The  dentition  of  the  seals  is  much 
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less  differentiated  than  that  of  dogs  or  cats;  the  teeth  are  pointed 
and  conical,  and  the  molars  have  three  sharp  points,  well  adapted 
to  catch  fast-moving,  slippery  hsh.  The  walrus  has  two  mighty 
tusks  (canines)  in  the  upper  jaw,  which  are  used  to  dig  up  small 
animals  from  the  sea  bottom  and  also  serve  as  weapons  and  as 


Fig.  92. — Occlusal  view  of  the  upper  jaw  of  a  black  bear.  The  premolars  are  small.  The 
molars  {Mi  and  M2)  have  definite  occlusal  surfaces  adapted  to  the  mastication  of  a  mixed 
diet. 

auxiliary  organs  of  locomotion;  the  other  teeth  are  very  small  or 
missing  (Fig.  93). 

(/)  Ungulata. — The  ungulata  include  many  hoofed  herbiv¬ 
orous  animals.  They  are  divided  into  two  major  groups:  the  even¬ 
toed  and  the  odd-toed  ungulata. 

The  even-toed  ungulata  include  the  bovidae  (cattle,  sheep, 
goats,  antelopes),  cervidae  (deer,  elk,  moose),  camels,  giraffes, 
hippopotami,  and  pigs.  They  have  an  even  number  of  hoofed 
toes.  The  bovidae  and  the  members  of  the  deer,  camel,  and  giraffe 
families  are  called  ruminantia  or  ruminants  because  of  their  habit 
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of  regurgitating  and  rechewing  their  food.  All  ungulata  have  a 
well-developed  deciduous  dentition. 

The  bovidae  include  oxen,  bison,  sheep,  goats,  and  several  others. 
They  have  hollow  horns.  The  outstanding  characteristic  of  their 
dentition  is  the  lack  of  upper  incisors  and  usually  also  of  the  upper 


Fig.  93. — Skull  of  a  walrus.  Highly  specialized  dentition  with  two  large  upper  canines 

(tusks)  and  short,  flat,  peg-shaped  molars. 

canine.  Instead  of  upper  incisors  they  have  a  pad  of  hard  gingival 
tissue.  Their  dental  formula  is: 

Incisors  f.  Canines  x,  Premolars  f.  Molars  f 

In  all  teeth  the  enamel  is  covered  by  a  thin  layer  of  cementum, 
and  the  former  is  exposed  only  on  the  occlusal  surfaces.  The 
incisors  are  flattened  and  spatulate.  The  molars  have  a  compli¬ 
cated  structure:  they  are  short,  stout  columns  in  which  enamel, 
dentin,  and  cementum  are  folded  in  on  the  sides  of  the  crown  in 
such  a  way  that  the  enamel  runs  vertically  through  the  crown. 
The  pulp  chamber  is  a  narrow  slit  and  the  root  short.  Mastication 
wears  down  the  enamel,  dentin,  and  cementum  unevenly  on  the 
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occlusal  surface  because  of  the  differences  in  their  hardness;  this 
results  in  the  formation  of  prominent,  sharp  crests  of  enamel 
separated  by  grooves  in  the  dentin  and  cementum  (Fig.  94).  The 
enamel  ledges  of  the  upper  and  lower  molars  interdigitate  so  as 
to  form  a  very  efficient  grinding  mechansim;  this  together  with  a 
loose  temporo-mandibular  joint,  which  permits  wide  lateral 
excursions,  enables  these  animals  to  crush  the  tough  fibrous  cell 
membranes  of  vegetable  food.  This  is  further  aided  by  the  process 


Fig.  94. — Upper  molars  of  a  horse.  Typical  herbivorous  molars  with  square,  broad  oc¬ 
clusal  surfaces,  showing  an  alternation  of  ridges  of  enamel  and  grooves  in  the  dentin  and 
cementum.  The  six  teeth  stand  very  close  together  and  thus  form  practically  one  con¬ 
tinuous  grinding  surface. 

of  rumination,  which  provides  for  still  better  comminution  and 
utilization  of  a  type  of  food  which  in  itself  is  of  relatively  low 
nutritional  value. 

The  non-ruminant,  even-toed  ungulata  are  the  pig  and  hippo¬ 
potamus.  The  dental  formula  of  the  domestic  pig  is: 

Incisors,  i.  Canines  4,  Premolars  f ,  Molars  f 

The  canines  are  large  and  curved,  especially  in  the  wild  boar  in 
which  both  the  lower  and  the  upper  canines  are  curved  upward 
(Fig.  95).  The  molars  and  premolars  are  large,  with  many  cusps 
and  grooves.  The  pigs  are  omnivorous  animals.  The  hippopota¬ 
mus,  which  is  related  to  the  pig,  is  a  herbivore  with  much  less 
specialized  teeth. 

The  odd-toed  ungulata  are  the  equidae,  the  tapirs,  and  the 
rhinoceros.  The  equidae  or  horse-like  animals  include  the  horse, 
ass,  and  zebra  (Fig.  96).  Their  hoofs  are  not  fissured,  and  they 
have  no  horns.  The  dental  formula  of  the  horse  is: 

Incisors  |,  Canines  Premolars  t.  Molars  f 

Their  incisors  have  a  funnel-shaped  infolding  of  enamel  into  the 
occlusal  surface  (Fig.  97).  The  inner  ring  of  enamel  is  relatively 
10 
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large  in  young  horses,  then  gradually  becomes  smaller  and 
linally,  in  old  animals,  may  be  worn  away  entirely.  Thus  it  is 


Fig.  95. — Skull  of  a  pig  (wild  boar).  The  canines  are  developed  into  long,  pointed  curved 
tusks;  the  sockets  for  the  upper  ones  point  forward  and  outward.  The  premolars  and  molars 
increase  in  size  from  the  front  backward. 


Fig.  96.  Skull  of  a  horse.  Note  the  end-to-end  occlusion  of  the  incisors,  the  small  canines, 
and  the  continuous  row  of  large  premolars  and  molars. 

possible  to  determine  the  approximate  age  of  a  horse  from  the 
condition  of  its  incisors.  The  canines  of  the  horse  are  very  small. 
The  molars  are  long  and  deeply  implanted  in  the  jaw,  and  their 
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roots  are  not  completed  until  comparatively  late  in  life.  As  the 
molars  are  worn  down,  they  gradually  erupt  more  and  more  in 
order  to  meet  their  antagonists. 

The  equidae  live  on  an  exclusively  herbivorous  diet.  The  end- 
to-end  occlusion  of  the  upper  and  lower  incisors  makes  these 
teeth  particularly  well  adapted  for  grazing;  the  broad  uneven 
surfaces  of  the  premolars  and  molars  with  their  prominent  enamel 
ridges  make  efficient  mastication  of  the  plant  material  possible. 


Fig.  97. — Occlusal  view  of  the  upper  incisors  of  an  adult  horse.  On  the  worn  surfaces 
an  outer  and  an  inner  ring  of  enamel  are  visible.  With  advancing  age  and  increased  abra¬ 
sion  the  inner  ring  of  enamel  becomes  smaller  and  finally  disappears  entirely. 

(/)  Proboscidea. — The  proboscidea  are  characterized  by  a  long 
trunk.  They  are  represented  by  several  extinct  species,  such  as 
the  mammoth  and  the  mastodon,  and  by  two  existing  animals, 
the  African  and  the  Indian  elephant.  The  dental  formula  for  the 
elephants  is: 

Incisors  i,  Molars  | 

The  upper  incisors  of  the  proboscidea  are  large  tusks  implanted 
in  deep  sockets  in  the  premaxilla.  They  consist  of  dentin  (ivory) 
and  a  thin  covering  of  enamel.  The  pulp  is  large,  the  root  end  wide 
open,  and  Hertwig’s  sheath  persists  throughout  life  so  that  the 
teeth  grow  continuously.  The  root  portion  is  covered  by  a  thin 
layer  of  cementum. 

The  molars  are  very  large ;  only  one  or  one  and  one-half  of  them 
on  each  side  of  the  jaw  is  in  position  and  used  for  mastication  at 
any  one  time.  Subsequent  teeth  move  forward  from  behind  as  the 
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erupted  teeth  wear  off.  Each  molar  consists  of  4  to  24  vertical 
plates  of  enamel,  dentin,  ahd  cementum  fused  into  one  tooth 
(Fig.  98).  Correspondingly  the  occlusal  surface  has  4  to  24  trans¬ 
verse  ridges  of  enamel  alternating  with  dentin  and  cementum 
(Fig.  99).  The  first  molar  is  the  smallest,  and  each  successive  one 
is  somewhat  larger,  so  that  the  sixth  in  old  elephants  has  the  great- 


Fig.  98. — Molar  of  an  old  Indian  elephant.  Side  view.  The  tooth  is  roughly  triangular; 
it  consists  of  21  plates  of  enamel  and  dentin,  running  diagonally  from  the  occlusal  to  the 
apical  surface. 

est  number  of  enamel  plates.  On  the  occlusal  surface  the  different 
degrees  of  hardness  of  the  three  exposed  tissues,  enamel,  dentin, 
and  cementum,  result  in  unequal  wear  and  the  formation  of 
prominent  enamel  ridges,  similar  to  those  found  in  the  molars  of 
other  herbivores.  The  food  of  elephants  (grass,  herbs,  and  leaves) 
is  carried  into  the  mouth  by  the  trunk  and  ground  between  the 
upper  and  lower  molars. 

( K)  Primates. — The  primates  include  those  animals  that  have 
four  hands — lemurs,  monkeys,  and  apes — and  man.  They  have  a 
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heterodont,  diphyodont  dentition  with  a  complete  deciduous  den¬ 
tition.  The  permanent  teeth  are  divided  into  incisors,  canines, 
premolars,  and  molars. 

Lemurs. — The  lemurs,  which  are  the  lowest  form  of  primates, 
are  small  tree-living  monkeys  with  long  tails.  Their  dental  formula 


Fig.  99. — Occlusal  view  of  the  same  elephant  molar  as  shown  in  Fig.  98.  The  occlusal 
surface  is  formed  by  alternating  transverse  ridges  of  enamel  and  grooves  in  the  dentin 
and  cementum.  E,  E,  enamel  of  one  plate  arranged  circularly  around  the  dentin;  D,  den¬ 
tin;  C,  C,  cementum  between  two  adjacent  enamel  plates. 

is  the  same  as  that  of  man,  except  that  they  have  three  premolars 
on  each  side  of  the  jaw  instead  of  two: 

Incisors  f ,  Canines  I,  Premolars  f.  Molars  f 

Monkeys. — The  monkeys  are  divided  into  New  World  monkeys 
and  Old  World  monkeys.  The  former,  living  in  Central  and  South 
America,  have  three  premolars  on  each  side  of  the  jaw;  their  den¬ 
tal  formula  is  thus  the  same  as  the  lemurs’,  although  their  tooth 
forms  are  more  similar  to  man’s. 

The  Old  World  monkeys  are  natives  of  Asia  and  Africa.  Two 
well-known  representatives  of  this  group  are  the  Macacus  monkey 
and  the  baboon.  This  group  has  two  premolars  on  each  side,  so 
that  their  dental  formula  is  the  same  as  that  of  the  apes  and  man : 

Deciduous  dentition: 

Incisors  f ,  Canines  1,  Molars  f 
Permanent  dentition : 

Incisors  f.  Canines  Premolars  f ,  Molars  f 

Apes. — ^The  anthropoid  apes  are  the  primates  most  nearly  re- 
\  lated  to  man.  They  have  no  tail,  and  their  central  nervous  system 


Fig.  lOO.—Jaws  of  a  chimpanzee.  The  dental  formula  is  the  same  as  in  man.  Note  the 
large,  prominent  canines  and  the  two  buccal  roots  of  the  upper  premolars. 


Fig.  101. — Occlusal  view  of  the  upper  jaw  of  an  orang-utan.  The  arch  is  square,  and 
the  canines,  premolars,  and  molars  stand  in  a  straight  sagittal  line.  Note  the  diastema 
between  lateral  incisor  and  canine. 

(150) 
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is  the  most  highly  developed  of  all  animals.  Their  teeth  resemble 
human  teeth  in  number  and  forrn,  except  for  certain  differences  in 
arrangement  and  size  which  are  summarized  below.  There  are 
four  kinds  of  apes:  gibbon,  orang-utan,  chimpanzee,  and  gorilla 
(Figs.  100  and  101). 


Comparison  Between  the  Permanent  Dentition  of 


Monkeys  and  A  pes 
(See  Figs.  100  and  101). 

The  incisors  are  inclined  forward. 

The  dental  arch  is  long,  narrow,  and 
square. 

A  space  (diastema)  exists  between  upper 
lateral  incisor  and  upper  cuspid  to  ac¬ 
commodate  the  crown  of  the  projecting 
lower  cuspid. 

The  crowns  of  the  canines  are  much  longer 
and  stronger  than  those  of  the  incisors 
and  premolars.  The  canines  protrude 
above  the  other  teeth. 

The  upper  premolars  have  three  roots,  the 
lower  premolars  two  roots. 

The  molars  increase  in  size  from  the  first 
to  the  third  molar. 


Man  and  Monkeys. 

Man. 

(See  Figs.  102  and  103). 

The  incisors  are  nearly  vertical  in  both 
jaws. 

The  dental  arch  is  short  and  rounded. 

There  are  no  spaces  between  the  individual 
teeth  of  either  jaw;  all  teeth  are  in  con¬ 
tact  with  each  other. 

The  crowns  of  the  canines  are  of  the  same 
length  as  those  of  the  incisors  and  pre¬ 
molars.  All  teeth  are  on  the  same  level. 

The  upper  premolars  have  two  roots  or  one 
root,  the  lower  premolars  one  root. 

The  molars  decrease  in  size  from  the  first 
to  the  third  molar. 


The  tooth  forms  of  the  monkeys  are  adapted  to  plants  and 
mixed  food.  The  incisors  bite  off  pieces  of  food,  and  the  premolars 
and  molars  grind  them.  The  projecting  canines  are  a  formidable 
weapon,  especially  in  the  male  in  which  they  are  larger  and 
stronger  than  in  the  female.  The  temporo-mandibular  joint  per¬ 
mits  lateral  excursions,  protrusion,  and  retrusion. 

Man. — -The  teeth  of  man  are  the  result  of  a  process  of  reduction 
and  adaptation.  As  compared  to  most  animal  dentitions,  the  hu¬ 
man  teeth  are  deficient  both  in  number  and  in  structure.  The 
dentition  of  the  rodents,  for  instance,  with  its  continuously- 
growing  teeth,  is  much  better  equipped  than  the  human  dentition 
to  withstand  wear  and  to  remain  serviceable  throughout  life. 
This  relative  deficiency  of  the  human  teeth  is  associated  with  an 
advanced  development  of  the  brain :  man  has  learned  to  use  tools 
and  weapons  and  to  cook  his  food,  and  thus  his  teeth  are  no 
longer  of  vital  importance  to  him. 

Some  of  the  characteristics  distinguishing  the  human  from 
other  mammalian  dentitions  are;  In  man  all  teeth  are  in  contact 
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with  each  other;  in  all  animals  there  are  spaces  (diastemas)  be¬ 
tween  some  teeth.  In  man  there  is  no  sexual  difference,  whereas 
in  many  animals  the  male  has  different  teeth  than  the  female. 
In  the  human  dentition  all  teeth  erupt  to  the  same  level;  in  most 
animals  some  teeth  are  longer  than  others  (Figs.  102  and  103). 

In  man,  however,  there  are  racial  differences.  In  most  primitive 
peoples  the  size  of  the  teeth  as  a  whole  is  larger  than  in  civilized 
whites.  The  second  and  third  molars  of  the  latter  frequently  show 
a  reduction  in  the  number  of  cusps  which  is  not  found  in  negroes 


Fig.  102. — Jaws  of  a  human  adult.  Note  the  uniform  length  of  all  teeth.  (Cryer,  Internal 

Anatomy  of  the  Face.) 

and  some  of  the  more  primitive  races.  The  third  molars  are  some¬ 
times  missing  in  the  white  race. 

In  the  most  primitive  races,  such  as  the  native  Australians,  the 
teeth  have  several  characteristics  which  make  them  similar  to  the 
ape  dentition.  The  molars  do  not  decrease  in  size  from  the  first  to 
the  third,  but  rather  the  second  and  third  molars  are  as  large  or 
even  larger  than  the  first.  The  canines  are  relatively  large,  and 
the  arch  tends  to  be  square  instead  of  rounded. 

In  modern,  civilized  races  the  teeth  show  a  great  deal  of  de- 
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terioration  and  degeneration.  They  are  of  poor  structure  and 
frequently  malformed;  the  arches  are  weak  and  underdeveloped, 
resulting  in  crowded  and  malaligned  teeth.  It  is  interesting  that 
similar  conditions  are  often  found  among  domestic  animals, 
although  closely  related  wild  animals  rarely  ever  show  dental 
disturbances  or  malformations. 


Fig.  103. — Occlusal  view  of  the  upper  jaw  of  a  human  adult.  Note  the  rounded  arch  and 
the  absence  of  diastemas  between  the  teeth.  (Cryer,  Internal  Anatomy  of  the  Face.) 


Attachment  of  Teeth  to  the  Jaws. — The  teeth  may  be  fastened 
to  the  jaws  in  different  ways.  There  are  four  main  types  of  at¬ 
tachment  : 

1.  Attachment  by  Means  of  a  Fibrous  Membrane. — An  attach¬ 
ment  of  the  teeth  by  means  of  a  fibrous  membrane  is  found  in 
the  sharks  and  the  rays  (Fig.  104).  The  jaw  is  covered  by  a  tough. 
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fibrous  membrane  to  which  the  teeth  are  fastened  by  strong 
bands. 

2.  Attachment  hy  Means  of  an  Elastic  Hinge. — An  attachment 
by  means  of  an  elastic  hinge  occurs  in  several  groups  of  predatory 
fishes,  such  as  the  pike  and  cod.  The  teeth  are  fastened  by  elastic 
fibers  running  from  the  inside  of  the  tooth  to  a  bony  projection 
of  the  jaw.  Such  a  hinged  tooth  can  be  bent  ove^  and  yet  return 


Fig.  104.— Labio-lingual  section  through  the  mandible  of  a  shark.  The  teeth  are  at¬ 
tached  to  the  jaw  by  a  fibrous  membrane,  FM.  An  erupted  tooth  (4)  stands  upright  on 
the  crest  of  the  jaw.  On  the  lingual  side  there  are  three  more  unerupted,  successional  teeth 
(3,  2,  1)  in  successively  earlier  stages  of  development.  C,  cartilage  of  jaw;  Odf,  fold  of 
oral  mucosa  on  the  lingual  side  of  the  jaw  covering  the  unerupted  teeth.  Magnifica¬ 
tion  X  6. 


to  its  original  upright  position  when  the  pressure  upon  it  is  re¬ 
moved. 

3.  Attachment  hy  Means  of  Ankylosis.— In  an  attachment  by 
ankylosis  there  is  a  bony  union  between  the  teeth  and  jaw  bone. 
This  condition  is  found  in  many  fishes,  in  amphibia,  and  in  rep¬ 
tiles,  such  as  snakes  and  lizards  (Fig.  105).  The  portion  of  the 
jaw  bone  that  holds  the  tooth  is  called  the  bone  of  attachment. 
Shedding  of  teeth  and  replacement  by  subsequent  teeth  take 
place  by  osteoclastic  resorption  of  the  successional  tooth. 
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4.  Attachment  by  Gomphosis. — In  attachment  by  gomphosis 
the  roots  are  located  in  excavations  in  the  jaw  bone,  the  alveoli 
or  sockets;  they  are  attached  to  the  bone  by  a  modihed  periosteum, 


Fig.  105. — Sagittal  section  through  the  mandible  of  a  small  lizard.  The  erupted  teeth 
(1,  2,  3,  4)  are  firmly  united  with  the  alveolar  bone  (AB)  by  ankylosis.  The  successional 
teeth  (5,  6,  7)  form  beneath  the  erupted  ones  and  cause  resorption  of  the  latter;  8,  un¬ 
erupted  tooth  which  has  not  yet  developed  a  bony  attachment;  M,  lower  border  of  the 
mandible.  Magnihcation  X  36. 


the  periodontal  membrane.  This  type  of  attachment  is  found  in 
a  few  reptiles,  especially  the  crocodiles,  and  in  all  mammals 
including  man. 


APPENDIX 


REMARKS  CONCERNING  THE  HISTOLOGICAL  TECHNIC 

1 

Two  kinds  of  sections  are  used  for  the  study  of  dental  histology, 
ground  sections  and  decalcified  sections.  The  preparation  of 
both  kinds  requires  a  considerable  amount  of  skill,  experience, 
and  patience,  although  the  grinding  of  teeth  can  be  learned  with¬ 
out  much  difficulty  by  anybody  possessing  average  manual 
dexterity.  For  the  cutting  and  staining  of  decalcified  sections, 
however,  special  equipment  and  training  are  necessary,  and  it 
usually  takes  much  experience  before  good  sections  through 
teeth  and  jaws  can  be  obtained. 

I  am  inclined  to  agree  with  the  opinion  expressed  in  the  Cur¬ 
riculum  Survey  Report  that  the  preparation  of  histological  ma¬ 
terial  by  students  is  too  time-consuming  and  unsatisfactory  to  be 
required  in  the  regular  dental  course.  The  student  should  devote 
his  time  to  the  study  of  the  sections,  not  to  the  preparation  of 
them,  the  knowledge  of  which  will  be  of  no  use  to  him  afterwards 
in  his  career.  Therefore,  only  an  outline  of  the  histological  technic 
will  be  given  here;  anybody  actually  interested  in  dental  histo¬ 
logical  technic  is  referred  to  the  special  books  and  publications 
on  the  subject. 

Ground  Sections. — Ground  sections  of  teeth  can  be  prepared 
by  grinding  them  by  hand  or  by  using  G.  V.  Black’s  grinding 
machine.  For  grinding  by  hand,  the  teeth  are  cut  into  1  to  2 
mm.  thick  slabs  with  a  carborundum  or  steel  disc  mounted  in  the 
dental  handpiece.  The  teeth  to  be  ground  are  always  kept  in 
water,  alcohol,  or  glycerin;  if  they  are  allowed  to  dry,  they  usually 
crack  while  being  ground.  Also  during  the  entire  grinding  process 
both  the  stone  and  the  tooth  are  kept  wet. 

Hand  grinding  is  done  on  stones,  first  on  a  coarse  and  then 
on  a  fine  one.  The  section  of  a  tooth  is  held  with  the  finger  tip, 
or  it  is  fastened  with  balsam  to  a  holder  and  moved  back  and 
forth  over  the  wet  surface  of  the  stone.  From  time  to  time  the 
section  is  turned  over,  until  both  sides  have  a  flat,  even  surface. 
The  last  grinding  is  done  with  fine,  wet  pumice  powder 
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glass  slab;  then  the  section  is  polished  with  aluminum  oxide, 
washed  in  alcohol,  treated  with  xylol,  and  mounted  with  balsam 
on  a  slide. 

In  preparations  of  this  kind  only  the  hard  tissues  of  the  tooth 
can  be  studied.  The  soft  tissues,  pulp.  Tomes’  fibers,  and  ce- 
mentum  cells,  are  either  lost  or  remain  badly  torn  and  distorted. 
However,  for  a  study  of  the  general  form  and  structure  of  the 
teeth,  and  especially  for  the  microscopic  examination  of  the 
enamel,  good  ground  sections  are  indispensable. 

Decalcified  Sections. — Sections  through  decalicfied  teeth  and 
jaws  are  necessary  for  the  study  of  the  pulp,  periodontal  mem¬ 
brane,  gingival  tissues,  and  alveolar  bone.  Extracted  human 
teeth  or  jaws  of  man  or  animals  are  immediately  fixed  in  one  of 
the  various  fixing  fluids,  usually  a  10  per  cent  solution  of  formalde¬ 
hyde  or  some  solution  containing  formaldehyde.  This  process  of 
fixation  hardens  the  soft  tissues  so  that  they  retain  their  original 
form  and  structure,  and  also  prevents  decomposition.  The  tooth 
or  jaw  is  next  decalcified,  usually  in  5  per  cent  nitric  acid.  After 
decalcification  is  completed,  all  of  the  enamel  is  dissolved;  of  the 
bone,  dentin,  and  cementum  only  the  organic  matrix  is  left, 
although  the  soft  tissues  are  not  markedly  altered  by  the  acid. 
It  is  then  possible  to  cut  both  the  teeth  and  bone  with  a  sharp 
knife.  The  pieces  of  jaw  are  embedded  in  either  paraffin  or  cel- 
loidin  (collodion),  which  permeates  all  cells  and  tissue  spaces; 
this  renders  the  material  homogeneous  and  capable  of  being 
sectioned  without  tearing  or  distorting  the  true  relationship  be¬ 
tween  the  structures. 

After  embedding,  the  tissues  mounted  on  a  fiber  block  are  cut 
in  a  microtome,  using  a  large,  heavy  sliding  knife.  The  thin  slices 
of  tissue  are  then  stained,  after  which  they  are  mounted  on  a  slide 
with  balsam  and  covered  with  a  cover  glass. 

Preparations  of  this  kind  are  indispensable  for  the  demonstra¬ 
tion  of  the  pulp,  periodontal  membrane,  gingival  tissues,  and 
all  stages  of  tooth  development.  Decalcified  and  ground  sections 
should  always  supplement  each  other  in  the  study  of  dental  his¬ 
tology;  neither  alone  can  give  sufficient  information  about  all 
dental  structures. 


TERMS  AND  PROPER  NAMES 


ameloblast  (amel,  enamel  +  Greek  -blast,  germ)  =  enamel-forming  cell, 
same  as  ganoblast. 
ankylosis  (Greek)  =  bony  union. 

anlage  (German)  =  early  structure  or  formation  of  a  tissue  or  organ; 
primordium. 

anthropoid  (Greek  anthropos,  an)  =  resembling  man. 
apex ;  plural,  apices  (Latin)  =  point,  end. 
apical  (Latin)  =  located  at  the  apex,  belonging  to  the  apex, 
atrophic  (Greek)  =  reduced  in  size. 

atrophy  (Greek)  reduction  in  size  of  an  organ  or  tissue, 
bovidae  (Latin  bos,  bovis,  ox)  =  ox-like  animals, 
canaliculus ;  plural,  canaliculi  (Latin)  =  fine  canal, 
canidae  (Latin  cams,  dog)  =  dog-like  animals, 
canine  (Latin  cams,  dog)  “dog  tooth,”  cuspid, 
carnassial  (Latin)  =  largest  posterior  teeth  of  carnivorous  animals, 
carnivora  (Latin  caro,  carnis,  meat  -b  vorare,  to  devour)  =  meat-eating 
animals. 

cementoblast  (Latin  -f  Greek)  =  cementum-forming  cell. 

cervidae  (Latin  cervus,  deer)  =  deer-like  animals. 

cervix ;  plural,  cervices  (Latin)  =  neck. 

cetacea  (Greek  ketos,  whale)  =  whale-like  animals. 

chiroptera  (Greek,  hand  +  wing)  =  flying  mammals,  bats. 

cribriform  (Latin  cribrum,  sieve  +  form)  =  resembling  a  sieve,  perforated. 

cuticle  (Latin  cuticula,  fine  skin)  =  fine  membrane. 

diastema  (Greek)  =  interval,  space. 

diphyodont  (Greek,  double  +  to  grow  -f-  tooth)  =  having  two  sets  of  teeth. 

edentata  (Latin  e-,  without  -f  dens,  dentis,  tooth)  =  toothless  animals. 

equidae  (Latin  equus,  horse)  =  horse-like  animals. 

felidae  (Latin  felis,  cat)  =  cat-like  animals. 

fibrilla ;  plural,  fibrillae  (Latin)  =  fine  fiber,  fibril. 

follicle  (Lditm  folliculus,  small  bag)  =  small  sac. 

foramen ;  plural,  foramina  (Latin)  =  opening. 

ganoblast  (Greek)  =  enamel-forming  cell,  same  as  ameloblast. 

gomphosis  (Greek  gomphos,  nail)  =  sticking  in  a  socket  like  a  nail. 

Havers,  Clopton,  English  anatomist  of  the  17th  century. 

Hertwig,  Oskar,  German  embryologist  (1849-1922). 
heterodont  (Greek,  different  -f-  tooth)  =  having  the  teeth  differentiated 
into  incisors,  canines,  molars,  etc. 

homodont  (Greek,  equal,  one  and  the  same  -f  tooth)  =  having  all  teeth 
similar  in  form. 

Howship,  John,  English  surgeon  of  the  early  19th  century, 
hyperplasia  (Greek  hyper,  over  -f  plasia,  formation)  =  excessive  formation. 
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insectivora  (Latin  inseckim,  inset  +  vorare,  to  devour)  =  insect-eating 
animals. 

intermedium  (Latin)  =  intermediate, 
in  utero  (Latin)  =  in  the  womb. 

Korff,  Karl  von,  contemporary  German  histologist, 
lacuna ;  plural,  lacunae  (Latin)  =  small  space  or  cavity, 
lamina  (Latin)  =  thin  plate  or  layer. 

Malassez,  Louis  Charles,  French  physiologist  (1842-1910). 
marsupialia  (Latin  marsupium,  pouch)  ==  animals  carrying  their  young 
in  a  pouch  on  the  abdomen. 

Meckel,  Johann  Friedrich,  German  anatomist  of  the  18th  century, 
monophyodont  (Greek,  single  +  to  grow  +  tooth)  =  having  one  set  of 
teeth. 

Nasmyth,  Alexander,  Scottish  dentist  of  the  early  19th  century. 
Neumann,  Ernst,  German  pathologist  of  the  late  19th  century, 
odontoblast  (Greek  odous,  odontos,  tooth  +  blast,  germ)  =  dentin-forming 
cell  (literally,  tooth-forming  cell), 
osteoblast  (Greek)  =  bone-forming  cell, 
osteoclast  (Greek)  =  bone-destroying  cell, 
osteocyte  (Greek)  =  bone  cell. 

Owen,  Sir  Richard,  English  anatomist  and  zoologist  (1804-1892). 
polyphyodont  (Greek,  many  +  to  grow  -f  tooth)  having  many  sets 
of  teeth. 

premolar  (Latin)  =  “tooth  before  the  molar”,  bicuspid, 
proboscidea  (Greek  proboscis,  trunk)  =  trunk-bearing  animals, 
ramification  (Latin  ramus,  branch)  =  branching, 
reticulum  (Latin  rete,  net)  =  fine  network. 

Retzius,  Anders  Adolf,  Swedish  anatomist  of  the  early  19th  century, 
rodentia  (Latin  rodere,  to  gnaw)  =  gnawing  animals, 
ruminantia  (Latin)  =  animals  that  chew  their  food  again  after  it  has  been 
in  the  stomach. 

scalloped  =  having  a  series  of  semicircular  curves  along  the  edge. 
Schreger,  Christian  Heinrich  Theodor,  Danish  anatomist  of  the  early 
19th  century. 

sclerosis  (Greek  skleros,  hard)  =  hardening. 

Serres,  Etienne  Renaud  Auguste,  French  physician  of  the  early  19th 
century. 

Sharpey,  William,  English  anatomist  of  the  19th  century, 
stellate  (Latin  stella,  star)  =  star-shaped, 
stratum ;  plural,  strata  (Latin)  =  layer. 

Tomes,  Sir  John,  English  dentist  and  anatomist  (1815-1895). 
tubule ;  plural,  tubules  (Latin)  =  fine  tube, 
ungulata  (Latin  ungula,  hoof)  =  hoofed  animals. 

Volkmann,  Alfred  Wilhelm,  German  physiologist  of  the  19th  century. 
Weil,  L.  A.,  German  dentist  of  the  late  19th  century. 


QUESTIONS 


Enamel 

What  are  the  names  of  the  planes  along  which  the  following  hard  tissues 
meet:  enamel  and  dentin,  dentin  and  cementum,  enamel  and  cementum? 
From  which  germinal  layer  is  the  enamel  derived?  ' 

What  is  the  chemical  composition  of  human  enamel? 

Name  the  inorganic  components  of  enamel. 

What  is  keratin? 

Describe  the  structure  of  human  enamel. 

How  are  the  enamel  rods  held  together? 

Describe  a  cross-section  through  an  enamel  rod  of  human  enamel. 

Describe  a  cross-section  through  an  enamel  rod  of  dog’s  enamel. 

How  thick  is  an  enamel  rod? 

How  long  is  an  enamel  rod? 

What  is  gnarled  enamel,  and  where  is  it  found? 

What  is  the  significance  of  gnarled  enamel? 

What  are  the  lines  of  Schreger? 

What  are  the  stripes  of  Retzius,  and  how  do  they  run? 

What  is  the  significance  of  the  stripes  of  Retzius? 

Describe  an  enamel  lamella. 

What  are  enamel  tufts,  and  where  are  they  found? 

What  are  enamel  spindles? 

What  is  Nasmyth’s  membrane?  What  is  a  modern  name  for  this  structure? 
Discuss  the  enamel  cuticle. 

Distinguish  between  primary  and  secondary  cuticle. 

What  is  meant  by  scalloped  dentino-enamel  junction? 

What  is  an  enamel  drop? 

What  are  pits  and  fissures? 

What  is  the  clinical  significance  of  pits  and  fissures? 

What  is  meant  by  scalloped  dentino-enamel  junction? 

In  which  direction  can  enamel  be  cleaved  most  easily? 

In  which  direction  is  enamel  most  resistant? 

Why  must  enamel  edges  never  be  left  unsupported  in  cavity  preparation? 

Can  forming  enamel  be  influenced  by  diet  or  disease? 

Can  the  structure  and  composition  of  fully-formed  enamel  be  altered  by 
diet  or  diseases? 


Dentin 

From  which  germinal  layer  is  the  dentin  derived? 
What  is  the  chemical  composition  of  human  dentin? 
Which  is  the  main  inorganic  component  of  the  dentin? 
What  is  dentinal  matrix? 

Of  what  is  dentinal  matrix  composed? 
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What  are  dentinal  tubules? 

How  wide  is  a  dentinal  tubule? 

What  is  meant  by  terminal  plexus  of  the  dentinal  tubules? 

Discuss  the  relationship  between  dentinal  tubules  and  enamel  spindles. 
What  is  Neumann’s  sheath? 

Name  the  contents  of  the  dentinal  tubules. 

Discuss  the  innervation  of  the. dentin. 

What  is  predentin? 

What  are  interglobular  spaces? 

What  is  the  significance  of  interglobular  spaces? 

Where  is  the  granular  layer  of  Tomes  found,  and  of  what  does  it  consist? 
What  are  the  contour  lines  of  Owen? 

What  is  sclerosis  of  the  dentin,  and  what  is  its  clinical  significance? 

What  is  secondary  dentin? 

Why  is  secondary  dentin  called  irregular  dentin? 

How  does  secondary  dentin  compare  to  primary  dentin? 

What  causes  the  formation  of  secondary  dentin? 

Why  should  freshly  exposed  dentin  be  protected  by  some  sort  of  filling 
material? 

Explain  the  gradually  decreasing  sensitiveness  of  dentin  under  fillings  and 
other  dental  restorations. 


Cementum 

What  is  the  chemical  composition  of  human  cementum? 

What  is  the  main  inorganic  component  of  the  cementum? 

What  is  cementum  matrix? 

Of  what  is  cementum  matrix  composed? 

Distinguish  between  primary  and  secondary  cementum. 

Where  are  the  two  kinds  of  cementum  usually  found? 

What  are  cementum  lacunae? 

What  is  the  content  of  the  cementum  lacunae? 

Discuss  the  origin  of  the  cementum  cells. 

What  are  canaliculi? 

What  are  cementoblasts,  and  where  are  they  found? 

What  is  cementoid? 

What  is  the  difference  in  the  thickness  of  cementum  between  young  and 
old  teeth? 

What  is  meant  by  cementum  hyperplasia? 

What  is  a  cementicle? 

Discuss  the  function  of  cementum. 

In  what  respects  are  cementum  and  bone  alike? 

In  what  respects  do  cementum  and  bone  differ? 

Pulp 

Enumerate  the  tissues  and  structures  found  in  the  dental  pulp. 

What  are  pulp  cells? 
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Discuss  the  blood  supply  of  the  pulp. 

Describe  an  odontoblast. 

What  is  the  zone  of  Weil? 

What  are  Korff’s  fibers? 

What  is  the  role  of  Korff’s  fibers  in  dentin  formation? 

What  is  the  role  of  the  odontoblasts  in  dentin  formation? 

Describe  the  way  in  which  a  stimulus  from  the  pulp  of  (a)  an  upper  incisor 
(b)  an  upper  molar,  (c)  a  lower  molar  reaches  the  semilunar  ganglion. 
Name  all  nerves  concerned  in  this  transmission.  ' 

Describe  the  way  in  which  arterial  blood  from  the  external  carotid  artery 
reaches  the  pulp  of  (a)  an  upper  incisor,  (b)  an  upper  molar,  (c)  a  lower 
cuspid. 

Name  all  arteries  concerned. 

Give  name  and  location  of  lymph  nodes  connected  with  the  lymphatics  of 
the  pulp. 

What  is  a  pulp  horn? 

What  is  the  clinical  significance  of  pulp  horns? 

What  are  apical  ramifications  of  the  pulp? 

What  changes  take  place  in  the  pulp  with  advancing  age? 

Discuss  pulp  atrophy. 

What  is  a  pulp  stone? 

What  are  the  functions  of  the  pulp? 

Why  is  it  necessary  for  the  dental  operator  to  have  a  thorough  knowledge 
of  the  shape  of  the  pulp? 

Periodontal  Membrane 
Where  is  the  periodontal  membrane  located? 

Name  the  tissues  and  structures  found  in  the  periodontal  membrane. 

What  are  the  principal  fibers  of  the  periodontal  membrane? 

What  are  Sharpey’s  fibers? 

What  is  meant  by  indefinite  fibers  of  the  periodontal  membrane? 
Enumerate  the  various  groups  of  fibers  in  the  periodontal  membrane  and 
state  briefly  the  function  of  each. 

Describe  the  oblique  fibers  of  the  periodontal  membrane. 

Describe  the  transeptal  fibers  of  the  periodontal  and  state  their  function. 
What  epithelial  structures  are  found  in  the  periodontal  membrane? 

Discuss  the  origin  of  the  epithelial  rests  of  the  periodontal  membrane. 

What  is  the  significance  of  the  epithelial  rests  of  the  periodontal  membrane 
under  pathological  conditions? 

Discuss  the  blood  supply  of  the  periodontal  membrane. 

Name  the  lymph  nodes  connected  with  the  lymphatics  of  the  periodontal 
membrane. 

What  is  the  function  of  the  nerves  of  the  periodontal  membrane? 

Describe  the  apical  fibers  of  the  periodontal  membrane  and  state  their 
function. 

How  is  the  force  of  mastication  controlled  by  the  periodontal  membrane? 
How  thick  is  the  average  human  periodontal  membrane? 
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How  does  the  periodontal  membrane  adjust  itself  to 
{a)  increased  masticatory  function? 

(b)  decreased  masticatory  function? 

Gingival  Tissues 

Which  part  of  the  oral  mucous  membrane  is  called  the  gingiva? 

Describe  the  epithelium  of  the  gingiva. 

What  is  the  lamina  propria  gingivae? 

What  is  the  histological  difference  between  the  gingiva  and  the  mucous 
membrane  elsewhere  in  the  oral  cavity? 

What  is  the  function  of  the  hornified  surface  layer  of  the  gingiva? 

What  is  the  gingival  margin? 

What  is  the  free  gingiva? 

Describe  the  gingival  crevice  and  give  its  boundaries. 

Where  is  the  bottom  of  the  gingival  crevice  located  at  different  periods 
of  life? 

What  is  the  epithelial  attachment? 

Discuss  the  relation  between  epithelial  attachment  and  cuticle. 

Where  is  the  epithelial  attachment  located 

(a)  in  young  teeth? 

(b)  in  old  teeth? 

How  deep  is  the  gingival  crevice? 

Discuss  the  relationship  between  depth  of  the  gingival  crevice  and  oral 
health. 

Discuss  gingival  recession. 

What  is  meant  by  the  terms 

(a)  anatomical  crown  and  anatomical  root? 

(b)  clinical  crown  and  clinical  root? 

Alveolar  Bone 

What  is  the  chemical  composition  of  bone? 

In  what  form  is  calcium  present  in  bones  and  teeth? 

What  is  the  organic  component  of  bone? 

What  are  the  inorganic  components  of  bone? 

How  do  (a)  bone  and  enamel,  (b)  bone  and  dentin,  (c)  bone  and  connective 
tissue,  differ  in  their  chemical  composition? 

What  is  osteoid? 

What  are  bone  lacunae,  and  what  do  they  contain? 

Where  do  the  bone  cells  originate? 

Distinguish  between  compact  and  cancellous  bone. 

What  is  an  Haversian  system? 

What  are  Haversian  lamellae? 

What  is  a  Volkmann’s  canal? 

What  determines  the  course  of  the  trabeculae  in  the  cancellous  bone? 

What  is  an  osteoblast? 

Discuss  bone  formation. 
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What  factors  stimulate  bone  formation? 

What  is  an  osteoclast? 

What  are  Howship’s  lacunae? 

What  factors  cause  bone  resportion? 

Give  an  example  of  bone  resorption  due  to  pressure. 

What  is  periosteum? 

What  are  the  functions  of  the  periosteum? 

What  is  endosteum? 

Discuss  bone  marrow.  ' 

What  is  the  structure  and  function  of  the  red  bone  marrow? 

In  what  part  of  the  skeleton  is  red  bone  marrow  mainly  found  {a)  in  children, 
{b)  in  adults? 

What  is  the  structure  and  function  of  yellow  bone  marrow? 

In  what  part  of  the  adult  skeleton  is  yellow  marrow  mainly  found? 
Distinguish  between  alveolar  bone  proper  and  supporting  bone. 

What  is  the  cribriform  plate  of  the  alveolus? 

What  is  bundle  bone? 

How  does  the  supporting  bone  react  to  an  increase  or  decrease  in  function? 
Give  an  example  for  the  statement  that  the  existence  of  the  alveolar  bone 
depends  upon  the  presence  of  teeth. 

What  is  the  influence  of  pressure  and  inflammation  upon  bone? 


Tooth  Development 

Which  dental  tissues  are  derived  from  the  ectoderm? 

Which  dental  tissues  are  derived  from  the  mesoderm? 

When  does  tooth  formation  begin? 

What  is  meant  by  tooth  anlage? 

What  is  the  dental  lamina? 

What  is  the  dental  papilla? 

What  structure  develops  from  the  dental  papilla? 

Make  a  drawing  of  a  bell-shaped  enamel  organ  and  label  all  layers  and 
structures. 

What  is  the  outer  enamel  epithelium? 

What  is  the  stellate  reticulum? 

What  is  the  intermediate  layer? 

What  is  the  function  of  the  inner  enamel  epithelium? 

What  are  the  glands  of  Serres? 

What  is  an  ameloblast? 

What  is  the  function  of  the  ameloblasts? 

What  is  Tomes’  process? 

How  does  immature  enamel  differ  from  mature  enamel  with  regard  to  its 
solubility  in  acids? 

How  are  the  fissures  formed? 

Which  part  of  the  pulp  tissue  forms  the  dentin? 

What  is  predentin? 

What  is  Hertwig’s  epithelial  sheath,  and  where  is  it  found? 
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What  is  the  function  of  Hertwig’s  sheath? 

From  what  structure  are  the  epithelial  rests  of  Malassez  derived? 

What  is  the  tooth  follicle? 

What  is  the  tooth  crypt? 

Which  structure  develops  from  the  tooth  follicle? 

From  what  structure  is  the  cementum  derived? 

What  factors  contribute  in  tooth  eruption? 

Discuss  the  formation  of  the  gingival  crevice. 

How  is  the  secondary  cuticle  formed? 

How  are  deciduous  teeth  replaced  by  the  permanent  teeth? 

What  cells  are  active  in  the  elimination  of  the  deciduous  teeth? 

Where  are  osteoclasts  found  during  resorption  of  a  deciduous  tooth? 

What  is  Meckel’s  cartilage? 

When  does  calcification  of  the  deciduous  teeth  begin? 

Which  are  the  first  deciduous  teeth  to  erupt,  and  when  do  they  erupt? 

Give  the  eruption  times  for  the  deciduous  teeth. 

When  are  the  roots  of  the  deciduous  teeth  completed? 

When  does  calcification  of  the  permanent  dentition  begin? 

Which  permanent  teeth  begin  to  calcify  at  birth? 

When  do  the  upper  and  lower  permanent  incisors  calcify? 

When  do  the  permanent  cuspids  calcify? 

When  do  the  bicuspids  calcify? 

Give  the  eruption  times  for  the  permanent  teeth. 

How  soon  after  the  eruption  of  a  permanent  tooth  would  you  expect  its  roots 
to  be  completed?  How  would  you  determine  this  clinically? 
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Abrasion,  41 

Alveolar  bone,  architecture  of,  90 
formation  of,  107 
functional  changes  in,  90 
proper,  90 

radiographic  appearance  of,  126 
Alveolus,  primitive,  99 
Ameloblasts,  99,  100 
Amelo-cemental  junction,  11 
Amelo-dentinal  junction,  11,  24 
Amelogenesis,  100 
Amphibia,  130 
Anatomical  crown,  80 
root,  80 

Ankylosis,  attachment  of  teeth  by,  154 
Anlage  of  tooth,  96 
Apes,  149 

Apical  foramen,  12,  54 
xArmadillo,  134 
Atrophy  of  pulp,  58 
Attachment,  epithelial,  76,  108 
by  ankylosis,  154 
by  fibrous  membrane,  153 
by  gomphosis,  155 
by  hinge,  154 
of  teeth  to  jaws,  153 
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Baboon,  149 
Badger,  112 
Baleen,  134 
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Bicuspid,  129 
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Bone,  architecture  of,  83 
bundle,  91 
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cancellous,  83 
cells,  83 

chemical  composition  of,  83 
compact,  83 
decalcification  of,  83 
fiber,  91 

formation  of,  84 

causative  factors  in,  85 
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spongy,  83 
structure  of,  83 
supporting,  90 

Bottom  of  gingival  crevice,  76 
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Calcification,  centers  of,  102 
of  pulp,  58 
of  teeth,  table  of,  117 
Calcination  of  bone,  83 
of  dentin,  31 
Canaliculi  of  bone,  83 
of  cementum,  44 
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Canine,  129 
Caries  of  dentin,  41 
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structure  of,  44 
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Continuously  growing  molars,  138 
Contour  lines  of  Owen,  38 
Crevice,  gingival,  74,  108 
Cribriform  plate  of  alveolus,  90 
Crocodile,  132 

temporo-mandibular  joint  of,  132 
Crown,  11 

anatomical,  80 
clinical,  81 

Crypt  of  tooth  germ,  99 
Cuspid,  129 

Cuticle,  enamel,  15,  21,  23,  77 
primary  24,  101 
secondary,  21,  24,  108 
Cuticula  dentis,  109 


D 

Decalcification  of  bone,  83 
of  dentin,  31,  41 
of  enamel,  27,  28 
of  teeth  for  sectioning,  157 
Decalcified  sections,  157 
Deciduous  and  permanent  teeth,  relative 
position  of,  109 

teeth,  calcification  of,  99,  112,  117 
histology  of,  110 
prolonged  retention  of,  110 
resorption  of,  109 
shedding  of,  109 
Dental  lamina,  96 
papilla,  97 
Denticles,  59 

Dentin,  age  changes  in,  39,  45 

calcification,  disturbance  of,  38 
calicnation  of,  31 
caries  of,  41 

chemical  composition  of,  31 
decalcification  of,  31,  41 
embryologic  derivation  of,  12 
formation  of,  56,  104 
in  rickets,  36 
incremental  lines  in,  39 
interglobular,  36 
irregular,  41,  58 
nerves  in,  34 
sclerosis  of,  40,  42,  58 
secondary,  40,  58,  61 
etiology  of,  41 
sensitiveness  of,  34,  41 


Dentinal  fibrils,  33,  55 
matrix,  31,  35,  104 
part  of  enamel  lamellae,  21 
tubules,  31 

diameter  of,  32 
in  secondary  dentin,  41 
lymph  circulation  in,  42 
space  in,  33,  42 
number  of,  32 
terminal  plexus  of,  33 
ramifications  ^f,  33 
Dentino-cemental  junction,  11 
Dentino-enamel  junction,  11,  24 
scalloped,  24 

Dentinoid,  35,  55,  105,  115 
Diphyodont,  128 
Dog,  140 

enamel  of,  15 
Dolphin,  134 
Donkey,  145 

E 

Edentata,  133 
Elephant,  molars  of,  147 
tusks  of,  147 

Embedding  of  teeth  for  sectioning,  157 
Enamel,  caries  of,  27 

chemical  composition  of,  15 
cleavage  of,  15,  27 
cuticle,  15,  23,  77,  101 
decalcification  of,  27,  28 
dog’s,  15 
drops,  26,  50 

embryologic  derivation  of,  12 
epithelium,  inner,  99 
outer,  98 
united,  104,  108 
formation  of,  100 
gnarled,  17 

incremental  lines  in,  18 
keratin  in,  15 
lamellae,  20 

dentinal  part  of,  21 
in  caries,  27 
maturation  of,  101 
organ,  bell-shaped,  97 
changes  in,  102 
organic  structures  in,  20 
prisms,  15 
rods,  15 

diameter  of,  16 
length  of,  16 
number  of,  16 
spindles,  23 
staining  of,  28 
tufts,  22 

vital  processes  in,  28 
Endosteum,  89 

Epithelial  attachment,  76,  108 

age  changes  in  location  of,  76,  80, 

111 

rests  of  periodontal  membrane,  70,  106 
sheath  of  Hertwig,  70,  103,  106,  147 
Equidae,  145 
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Eruption  of  teeth,  107 

chronology  of,  117 
factors  in,  107 
table  of,  117 
variations  in,  113 
Excementosis,  48 

F 

Fiber  bone,  91 
Fibers,  Sharpeey’s,  44,  63 
Tomes’,  33,  55 
Fibrils,  dentinal,  33,  55 
Fibroblasts  in  pulp,  53 
Fibrosis  of  pulp,  58 

Fibrous  membrane,  attachment  of  teeth  by, 
154 

Fishes,  130 
Fissures,  12,  26 

formation  of,  102 
Fixing  fluids  for  tissues,  157 
Follicle  of  tooth  germ,  99 
Foramen,  apical,  12 
Fox,  140 
Free  gingiva,  75 

G 

Ganoblasts,  99 
Giant  cells,  87 
Gibbon,  151 
Gingiva,  free,  75 

hornified  layer  of,  74 
structure  of,  74 
Gingival  crevice,  74,  108 
bottom  of,  76 
depth  of,  78 
formation  of,  108 
margin,  74 
recession,  79 
Glands  of  Serres,  99 
Globules  of  calcification,  35 
Gnarled  enamel,  17 

Gomphosis,  attachment  of  teeth  by,  155, 
Gopher,  138 
Gorilla,  151 

Granular  layer  of  Tomes,  38 
Grooves,  12 
Grond  sections,  156 
Guinea  pig,  138 

H 

Haversian  canals,  84 
lamellae,  84 
systems,  84 

Hertwig’s  sheath,  70,  103,  106,  147 
of  rodents’  incisors,  136 
Heterodont,  128 

Hinge,  attachment  of  teeth  by,  154 
Hippopotamus,  145 
Histiocytes,  54 
Histological  technique,  156 
Homodont,  128 


Hornified  cuticle,  21,  24,  108 
layer  of  gingiva,  74 
Horse,  145 

age  changes  in  incisors  of,  146 
molars  of,  146 
Howship’s  lacunae,  87 
Hypercementosis,  48 
Hyperplasia  of  cementum,  48 

I 

Incisor,  129 

continuously  growing,  136,  147 
Incremental  lines  in  cementum,  44 
in  dentin,  39 
in  enamel,  18 

Indefinite  fibers  of  periodontal  membrane 
69 

Inner  enamel  epithelium,  99 
Insectivora,  134 
Interglobular  dentin,  36 
spaces,  35 

Intermediate  layer  of  enamel  organ,  99 
Interprisma  tic  substance,  15 
Invertebrates,  129 
Irregular  dentin,  41,  58 
Ivory,  147 

K 

Kangaroo,  134 

Korff’s  fibers  of  pulp,  56,  104 

L 

Lacuna,  bone,  83 
cementum,  44 
Howship’s,  87 
Lamellae,  basic,  of  bone,  84 
enamel,  20 
ground,  of  bone,  84 
Haversian,  of  bone,  84 
Lamina,  dental,  96 
Lemurs,  149 

Lines  of  deposition  in  cementum,  44 
Schreger’s,  16 
Lion,  139 

Lymph  drainage  from  pulp,  54 

space  in  dentinal  tubules,  33,  42 
Lymphatics  of  periodontal  membrane,  70 
of  pulp,  54 

M 

Macacus,  149 

Malassez’s  epithelial  rests,  70,  107 
Mammals,  classification  of,  133 
Man,  degeneration  of,  teeth  of,  152 
racial  differences  in,  teeth  of,  152 
teeth  of,  151 
Margin,  gingival,  74 
Marsupialia,  134 
Marten,  142 
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Matrix,  bone,  83,  84 
cementum,  44 
dentinal,  31,  35,  104 
Maturation  of  enamel,  101 
Meckel’s  cartilage,  107 
Membrane,  Nasmyth’s,  23 
Mesenchymal  cells,  undifferentiated,  54 
Microtome,  157 
Molar,  129 

continuously  growing,  138 
Mole,  135 
Monkeys,  149 

temporo-mandibular  joint  of,  151 
Monophyodont,  128 
Monotremata,  133 
Mouse,  138 

N 

Narwhal,  135 
Nasmyth’s  membrane,  23 
Neck,  11 

Nerves  in  dentin,  34 

in  periodontal  membrane,  69 
in  pulp,  55 

Neumann’s  sheath,  33 

O 

Occlusal  forces,  distribution  over  principal 
fibers,  69 

Odontoblasts,  33,  55,  99 
function  of,  56,  104 
Opossum,  134 
Orang-utan,  151 

Organic  structures  in  enamel,  20 
Osteoblasts,  84 
Osteoclasts,  87 

in  shedding  of  deciduous  teeth,  109 
Osteocytes,  83 
Osteoid,  83,  84 
Otter,  142 

Outer  enamel  epithelium^  98 
Owen,  contour  lines  of,  38 
Ox,  144 

P 

Papilla,  dental,  97 
Pathological  recession  of  gingiva,  80 
Penetrating  canals  of  bone,  83 
Periodontal  membrane,  alveolar  crest  fibers 
of,  63 

apical  fibers  of,  67 
blood  supply  of,  69 
epithelial  rests  of  (Malassez),  70, 
107 

formation  of,  107 
free  gingival  fibers  of,  63 
functional  adaptation  of,  68,  70 
horizontal  fibers  of,  64 
indefinite  fibers  of,  69 
nerves  in,  69 
oblique  fibers  of,  66 


Periodontal  membrane,  principal  fibers  of, 
63 

radiographic  appearance  of,  127 
thickness  of,  70,  71 
transeptal  fibers  of,  64 
Periosteum,  89 

Permanent  teeth,  anlage  of,  99 

calcification  of,  99,  112,  117 

Pig,  145 
Pits,  26 

Plate,  cribriform,  of  alyeolus,  90 

Polyphyodont,  128 

Porpoise,  134 

Predentin,  34,  55,  105 

Premolar,  129 

Primary  cuticle,  23,  101 

Primates,  148 

Primitive  alveolus,  99 

Principal  fibers  of  periodontal  membrane,  63 

function  of,  68 

Prisms,  enamel,  15 
Proboscidea,  147 
Process,  Tomes’,  100 
Pulp,  atrophy  of,  58 
blood  supply  of,  53 
calcification  of,  58 
cavity,  11,  12 

age  change  in,  12,  39,  57 
cells,  53 
chamber,  12 

embryo  logic  derivation  of,  12 
fibrosis  of,  58 
horn,  12,  57 

Korff’s  fibers  of,  56,  104 
lymph  drainage  from,  54 
lymphatics  of,  54 
nerves  in,  55 

non-myelinated,  55 
terminal  plexus  of,  55 
shape  of,  57 
stones,  59 
structure  of,  53 
tissue,  age  changes  in,  57,  61 

R 

Rabbit,  138 
Raccoon,  142 

Radiographs  of  teeth,  122,  127 
Rat,  137 

Recession  gingival,  79 

pathological,  of  gingiva,  80 
Reptiles,  132 
Resorption  of  bone,  87 

of  deciduous  teeth,  radiographic  ap¬ 
pearance  of,  125 
Retzius,  stripes  of,  17 
Rickets,  dentin  in,  36 
Rodentia,  136 

Hertwig’s  sheath  of  incisors  of,  136 
incisors,  137 
molars,  138 

temporo-mandibular  joint,  139 
Rods,  enamel,  15 
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Root,  11 

anatomical,  80 
canal,  lateral  branches  of,  57 
terminal  ramifications  of,  57 
clinical,  81 
formation  of,  106 

S 

Scalloped  dentino-enamel  junction,  24 

Schreger’s  lines,  16,  111 

Sclerosis  of  dentin,  41,  42,  58 

Sea  cow,  135 

Seal,  142 

Secondary  cuticle,  21,  24,  108 
formation  of,  108 
dentin,  41,  58,  61 

dentinal  tubules  in,  41 
Sections,  decalcified,  157 
ground,  156 

Sensitiveness  of  dentin,  34,  41 
Serres,  glands  of,  99 
Shark,  130 

Sharpey’s  fibers,  44,  63 
Sheath,  Neumann’s,  33 

of  Hertwig,  70,  103,  106,  147 
Shedding  of  deciduous  teeth,  109 
Sheep,  143 
Shrew,  135 
Skunk,  142 
Snakes,  132 

Spaces,  interglobular,  36 
Spindles,  enamel,  23 
Spongy  bone,  83 
Squirrel,  138 
Staining  of  enamel,  28 
Stellate  reticulum,  98 
Stratum  intermedium,  99 
Stripes  of  Retzius,  17 
Substance,  cementing,  15 
interprismatic,  15 
Supporting  bone,  90 

T 

Table  of  calcification,  117 
of  eruption,  117  ' 

Technic,  histological,  156 


Teeth,  decalcification  for  sectioning  of,  157 
embedding  for  sectioning  of,  157 
Thickness  of  periodontal  membrane,  70,  71 
Tiger,  139 

Tomes’  fibers,  33,  55 
granular  layer,  38 
process,  100 
Tooth  anlage,  96 
bud,  96 
crypt,  99 

crypts,  radiographic  appearance  of,  123 
development,  earliest  stages  of,  95,  96 
follicle,  99 

radiographic  appearance  of,  125 
sac,  99 

Tricalcium  phosphate,  15,  31,  44,  83 
Tubules,  dentinal,  31 
Tufts,  enamel,  22 
Turtle,  132 

Tusks,  135,  143,  145,  147 

U 

Undifferentiated  mesenchymal  cells,  54 
Ungulata,  even-toed,  143 
incisors,  145 
molars,  146 
odd-toed,  143,  145 
temporo-mandibular  joint  of,  145 

V 

Vertebrates,  teeth  of,  130 
Vital  processes  in  enamel,  28 
Volkmann’s  canals,  84 

W 

Walrus,  143 
Wandering  cells,  54 
Weasel,  142 
Weil,  zone  of,  56 
Whale,  134 
bone,  134 
Wolf,  140 

Z 

Zone  of  Weil,  56 
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